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CHAPTER I
INTRODUCTION
The a q u a t i c  h a b i t a t s  o f  the  w e s t e r n  Montana and e a s t  c e n t r a l  
Idaho mounta ins  have been s t u d i e d  by b i o l o g i s t s  and have y i e l d e d  a 
v a r i e d  fauna  ( F o r b es ,  1893;  Evermann,  1893;  Wei se l  and D i l l o n ,  1954;  
Brunson and N e l so n ,  1952;  Nebeker  and G a u f i n ,  1967;  Rabe,  1967a,  1967b,  
1968a ,  1968b; Morgan,  1969;  Newel l  and C a n a r i s ,  1969;  M i t c h e l l ,  1 9 7 0 ) .
Few s t u d i e s  have  c o n s i d e r e d  h i g h  a l t i t u d e  c o m m u n i t i e s  ( W i l s o n ,  1953;  
M c N a i r ,  I 9 6 8 ) .  B e f o r e  e x t e n s i v e  s t u d i e s  can be i n i t i a t e d  in a l p i n e  
and s u b a l p i n e  a q u a t i c  h a b i t a t s ,  c o n s i d e r a b l e  d e s c r i p t i v e  r e s e a r c h  needs 
t o  be c o n d u c t e d  t o  d e t e r m i n e  componen t  o r g a n i s m s  o f  t h e  m o u n t a i n  a q u a t i c  
commun 1 t i e s .
To t h e  n o r t h  T h a c k e r  and T h a c k e r  ( 1 9 2 3 ) ,  B a j k o v  ( 1 9 2 9 ) ,  C a r l  
( 194 0 ) ,  Rawson ( 1 9 4 2 ,  1 9 5 3 ) ,  and Moore ( 1952 )  have d e s c r i b e d  l a k e  
l i m n o l o g y  and z o o p l a n k t o n  d i s t r i b u t i o n .  Ward ( 1 9 0 4 ) ,  S h a n t z  ( 1 9 0 7 ) ,
Dodds ( 19 1 7 , 1920 ) ,  Johnson ( 1 9 3 6 ) ,  Pennak ( 1 9 4 1 ,  1944,  1945a,  1945b,
1 9 4 9 , 1955a,  1 9 5 7 , 1968 ) ,  R o b e r t s o n  ( 1 9 4 7 ) ,  N e l d n e r  and Pennak ( 1 9 5 5 ) .  
R o s i n e  ( 1 9 5 5 ) ,  Reed and O l i v e  ( 1 9 5 6 ) ,  and OeCosta ( 1967 )  have d e s c r i b e d  
more  s o u t h e r n  h i g h  m o u n t a i n  l a k e s  and t h e i r  a s s o c i a t e d  f a u n a ,  Dodds 
( 19 1 7 ) p r o p o s e d  an a l t i t u d i n a l  d i s t r i b u t i o n  o f  t h a t  f a u n a .  F o r b e s  ( 1 8 9 3 ) ,  
E l r o d  ( 1 9 0 1 ,  1 9 0 2 , 1903 ) ,  Young ( 1 9 3 5 ) ,  W i l s o n  ( 1 9 5 3 ) ,  B r ook s  ( 1 9 5 7 ) ,  
W r i g h t  ( 1 9 5 8 , 1 9 5 9 , 1 9 6 5 ) ,  and Megard ( 1958 )  have  i n t r o d u c e d  t h e  
z o o p l a n k t o n  o f  Mon t ana  v a l l e y  l a k e s .  Z o o p l a n k t e r s  f r o m  h i g h  e l e v a t i o n
1
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l a k e s  remain r e l a t i v e l y  unknown but  f o r  s c a t t e r e d  samples taken  by l o c a l  
c o l l e c t o r s  ( F o rb es ,  1893;  W i l s o n ,  1953,  p e r s o na l  communi ca t ion ;  Brooks,  
1957;  Cook,  1 9 5 6 ) .
Taxonomic problems h i n d e r  t h e  a q u a t i c  e c o l o g i s t .  D e s c r i p t i o n  
o f  t h e  fauna  is a p r i m a r y  concern  i f  f u t u r e  e c o l o g i c a l  s t u d i e s  a r e  to  
be e x p e c t e d .  C o n s i d e r a t i o n  now and in t he  f u t u r e  must be made f o r  
p r e s e r v a t i o n  o f  c o l l e c t i o n s .  C o n t i n u i n g  taxonomic r e v i s i o n  n e c e s s i t a t e s  
t h a t  o l d e r  c o l l e c t i o n s  be p r e s e r v e d  f o r  compar i son .
Pennak ( 1946 )  i n v e s t i g a t e d  z o o p l a n k t o n  in l a r g e  Co lorado l a k e s .
When d a t a  f rom t h e  s i m i l a r  and g e o g r a p h i c a l l y  i s o l a t e d  l ak es  d i d  not
suggest  reasons f o r  communi ty s t r u c t u r e ,  he proposed t h a t ,
. . . causes and e f f e c t s  co u ld  be much more p r o f i t a b l y  pursued  
on a group o f  smal l  l ak es  r e p r e s e n t i n g  a w ide  v a r i e t y  o f  
e c o l o g i c a l  c o n d i t i o n s  and p l a n k t o n  p o p u l a t i o n s  than on a group  
o f  l a r g e r  and l es s  d i s s i m i l a r  bod ies  o f  w a t e r .
Th i s  paper  d i sc us s es  the  r e s u l t s  o f  a s t udy  des igned a c c o r d i n g  
t o  Pennak ' s  p r o p o s a l .  Three  smal l  l akes  a l ong  a smal l  a l p i n e  s t ream were  
chosen f o r  compar i son .  The h y p o t h e s i s  was t h a t  in c l o s e l y  a s s o c i a t e d  
l ak es  w i t h  s i m i l a r  chemica l  c o m p o s i t i o n ,  s i m i l a r  p l a n k t o n  communi t ies  
might  be e xp ec t ed  u n l e s s  o t h e r  e c o l o g i c a l  f a c t o r s  v a r i e d  c o n s i d e r a b l y .
The tempora l  suc cess ion  o f  s p e c i e s  in t h e  t h r e e  z o o p la n k t on  communi t ies  
as t h a t  suc cess ion  r e l a t e d  t o  w a t e r  c h e m i s t r y ,  l a k e  morphometry ,  
t e m p e r a t u r e ,  and the  t o t a l  p l a n k t o n  communi ty was a n a l y z e d .
The un i que  p h y s i c a l  f e a t u r e s  o f  each l a k e ,  f a c t o r s  o p e r a t i n g  
a g a i n s t  e q u i v a l e n t  chemica l  f e a t u r e s ,  a r e  p r e s e n t e d  as t he  p r i m a r y  
i n f l u e n c e s  on z o o p l a n k t o n  communi t i es  p e c u l i a r  t o  each l a k e .  Pennak  
( 1 9 4 6 ) ,  and Brooks ( 1957 )  each suggested w i t h  d i f f e r e n t  emphasis t h a t  
i n d i v i d u a l  e c o l o g i c a l  f e a t u r e s  were no t  p a r t i c u l a r l y  i n f l u e n t i a l .
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R a t h e r  t h e y  emphasized an I n t e r a c t i o n  o f  s e v e r a l  f a c t o r s ,  e s p e c i a l l y  
t h e  compounded i n f l u e n c e s  o f  s e v e r a l  chemi ca l  substances  and t h e  
b i o l o g i c a l  f a c t o r s  o f  food  and c o m p e t i t i o n .
The b i o - c h e m i c a l  and b l o + p h y s i c a l  i n t e r a c t i o n s  and responses  
a r e  d e s c r i b e d  as t h e y  r e l a t e  t o  t h e  s pe c i e s  a s s o c i a t i o n s  w i t h i n  each  
l a k e  and t o  t he  t empora l  s uc cess ion  o f  s pe c i e s  in t he  p l a n k t o n  
communi t i es .
The t h r e e  l a kes  s t u d i e d  in t h i s  r e p o r t  have not  been p r e v i o u s l y  
named. I propose t o  c a l l  t he  s e v e r a l  l akes  on the  e a s t  s l op e  o f  Grave  
Peak t h ë  Grave Peak Lakes .  For  f u t u r e  i d e n t i f i c a t i o n  o f  each l ak e  1 
propose the  f o l l o w i n g  names ( F i g .  1 . ) .  The smal l  pond a t  t he  head o f  
t he  c i r q u e  is to  be c a l l e d  Anthus Pond f o r  t he  p i p i t s  t h a t  o f t e n  
f r e q u e n t  t h e  meadow, t he  l a r g e s t  and m i d d l e  l a k e  is t o  be known as Grave  
Lake ,  and t he  lowest  o f  t he  l a kes  is t o  be spoken o f  as G en t i a n  Pool  f o r  
t h e  c a r p e t  o f  these  f l o w e r s  in a t i n y  rock- r immed meadow near  the  o u t l e t
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1000 feet
b
Fig. 1. Map of the Grave Peak Lakes and Drainage Basin.
1. Anthus Pond; 2. Grave Lake; 3. Gentian Pool;
a. Grave Peak; b. Friday Pass.
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CHAPTER I I 
THE STUDY AREA
Choice  o f  Study Area
The s t udy  a r e a  c o n s i d e r e d  t o  be i d e a l  was a s e r i e s  o f  smal l  
a l p i n e  l a kes  a l ong  one s t ream.  They were t o  be above o r  near  t i m b e r  l i n e  
w i t h  a minimum e l e v a t i o n  o f  seven thousand f e e t  ( l o c a l l y  c o n s i d e r e d  
a l p i n e ,  R. L. K o n i z e s k i ,  o r a l  c o mm u n i c a t i o n ) .  Lakes w i t h o u t  f i s h  
p o p u l a t i o n s  were d e s i r e d  because p r e v i o u s  s t u d i e s  i n d i c a t e d  h i gh  l a k e  
m i c r o c r u s t a c e a n  p o p u l a t i o n s  t o  be d e p l e t e d  s e r i o u s l y  by t r o u t  (Rabe,  
1968a;  B a l l  and Hayne,  1 9 5 2 ) .  The above c r i t e r i a  were t o  be i n f l u e n c e d  
by d i s t a n c e  f rom t h e  M is s o u l a  campus and nearness  o f  approach by motor  
veh i c l e .
A f t e r  c o n s u l t i n g  w i t h  f a c u l t y  a t  the  U n i v e r s i t y  o f  Montana,  
s t u d y i n g  maps and a e r i a l  pho to gr a ph s ,  and c o n s i d e r i n g  t r a n s p o r t a t i o n  
l i m i t a t i o n s ,  t h r e e  l akes  on Grave Peak,  Idaho County ,  I daho,  were  
s e l e c t e d .  Rangers a t  the  Powel l  Ranger S t a t i o n ,  C l e a r w a t e r  N a t i o n a l  
F o r e s t ,  I daho,  c on f i r m e d  t h a t  t he  unnamed,  seldom v i s i t e d  l a k es  would  
be i d e a l  f o r  t h e  c o n t e m p l a t e d  s t udy .
The f i r s t  v i s i t  t o  t he  s t udy  a r e a  was made 7 J u l y ,  1969,  a few 
days a f t e r  the  E l k  Summit Road opened t o  p u b l i c  t r a v e l .  The l akes  
were found s a t i s f a c t o r y  f o r  t h e  s t u d y .
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D e s c r i p t i o n  o f  t h e  Study Area
L o c a t i o n
The l akes  a r e  on t h e  e a s t e r n  s l o p e  o f  Grave Peak ,  nea r  and w i t h i n  
t he  boundary o f  t he  S e l w a y - B i t t e r r o o t  W i l d e r n e s s  A r ea .  The r e g i o n  was 
e s t a b l i s h e d  as a U . S .  f o r e s t  r e s e r v e  in I 8 9 6 ; d e c l a r a t i o n  as p a r t  o f  
t h e  N a t i o n a l  W i l d e r n e s s  P r e s e r v a t i o n  System was made In September  1964 
( U . S .  F o r e s t  S e r v i c e ) ,
From the  Powel l  Ranger S t a t i o n  t h e  l ak es  may be approached by 
d r i v i n g  s i x t e e n  m i l e s  south a l ong  t h e  E l k  Summit Road to  the  Kooskooskia  
Meadows Road. Four m i l e s  west  t h a t  road t e r m i n a t e s  a t  t he  Wind Lakes  
T r a i l .  The Grave Peak Lakes a r e  in t h e  h i g h e s t  bas ins  o f  a hanging  
v a l l e y  about  t h r e e  m i l e s  n o r t h w e s t  o f  t h e  road t e r m i n u s .  There  is no 
t r a i l  t o  t he  l a k e s ;  the  a r e a  is  e x t r e m e l y  i s o l a t e d .
The g e o g r a p h i c  p o s i t i o n  o f  the  l a kes  is  4 6 °  23 '  20"  n o r t h  l a t i t u d e  
a t  114°  4 3 ' 3 O" west  l o n g i t u d e .
The Idaho b a t h o l i t h
The Idaho b a t h o l i t h  is  a t remendous r ock  ( 1 6 , 0 0 0  square m i l e s )  
o f  igneous o r i g i n  s i t u a t e d  in e a s t  c e n t r a l  Idaho and a l ong  the  w e s te r n  
boundary o f  Montana.  Mount a i n  peaks r i s e  s i x  t o  n i n e  thousand f e e t  w i t h  
an a v e ra ge  e l e v a t i o n  o f  seven thousand f e e t  ( L i n d g r e n ,  1 9 0 4 ) .  The rock  
i s  b e l i e v e d  t o  have been emplaced by magmat ic i n j e c t i o n  below a s i n c e  
eroded cov e r  o f  s o f t e r  r ock  ( Larsen  and Schmid t ,  1958;  Ross,  1 9 2 8 ) .  The 
a v e r a g e  r ock  is i n t e r m e d i a t e  between a q u a r t z  monz on l te  and a g r a n o -  
d i o r i t e  (Lar sen  and Sc hmid t ,  1958;  Mold,  I 9 6 8 ) .  Age o f  t he  b a t h o l i t h  is  
suggested a t  one hundred t h r e e  m i l l i o n  y e a r s ,  t he  a ve r age  f o r  f i v e  t e s t s ,  
by l e a d - a l p h a  a c t i v i t y  r a t i o s  on a cc e ss o ry  m i n e r a l s  as z i r c o n ,  m o n a z i t e ,
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and x e n o t î m e  ( L a r s e n ,  G o t t f r i e d ,  J a f f e ,  and W a r i n g ,  1 9 5 4 ) .
M o d i f i c a t i o n s  o f  t h e  b a t h o l i t h  have been s l i g h t .  W e a t h e r i n g  
has d e s t r o y e d  t he  m i l e  t h i c k  cov e r  beneath  which  t h e  magma was i n j e c t e d ,  
but  e r o s i o n  o f  g r a n i t i c  rock has been min imal  (Ross,  1 9 2 8 ) .  We a t h er i ng  
and r i v e r s  have c u t  d e e p l y  i n t o  p a r t s  o f  t he  r o ck ,  deep enough t o  expose  
t he  o l d e r  sed iments  a t  t h r e e  t o  f o u r  thousand f e e t  e l e v a t i o n  (Greenwood 
and M o r r i s o n ,  1 9 6 7 ) .  Q u a t e r n a r y  d e p o s i t s  near  t he  h i g h e r  peaks suggested  
t o  those  a u t h o r s  t h a t  l o c a l  g l a c i a t i o n  o cc u r r e d  though the  b a t h o l i t h  
i s  beyond t he  so u th we s t e rn  l i m i t s  o f  c o n t i n e n t a l  g l a c i a t i o n .  The 
g l a c i e r s  have been a s s o c i a t e d  w i t h  o t h e r  a p p a r e n t  a c t i v e  c e n t e r s  a l ong  
t h e  B i t t e r r o o t ,  C l e a r w a t e r  (Grave Peak i n c l u d e d ) ,  and Salmon R i v e r  
Mount a i ns  ( L i n d g r e n ,  1 9 0 4 ) .
F or m at io n  o f  the  Grave Peak Lakes
L i ndgr en  ( 1904 )  v i s i t e d  Grave Peak in l a t e  summer o f  1899.  He
w r o t e ,
The r i d g e  between Lochsa and Selway f o r k s  o f  t he  C l e a r w a t e r  
i s  rougher  and h i g h e r  than Lo l o  R i dge ,  and Grave Peak was e v i d e n t l y  
t h e  c e n t e r  o f  an e x t e n s i v e  g l a c i a t i o n ,  t he  i c e  s t reams descendi ng  
in a l l  d i r e c t i o n s  f rom i t .  I t  i s  p r o b a b l e  t h a t  t h i s  i ce  f i e l d  
was connect ed  by way o f  D i a b l o  Peak w i t h  t h e  main I c e - c o v e r e d  
a r e a  o f  t he  B i t t e r r o o t  M o u nt a in s .  The g l a c i a l  l a kes  near  Grave  
Peak a r e  shown on P I .  X I I ,
P l a t e  X I I  showed one o f  t h e  Wind Lakes on t he  w e s te r n  s i d e  o f  
t h e  peak;  t h e  Grave Peak Lakes a r e  on t h e  e a s t e r n  s l op e  and a t  h i g h e r  
e l e v a t i o n .  He suggested  t h a t  t he  l a kes  were formed by g l a c i a l  a c t i o n ,  
but  he d i d  no t  d e s c r i b e  t he  method.
A c t u a l  f o r m a t i o n  o f  t he  l a k e  b as i ns  was p r o b a b l y  by i c e - t h r u s t  
pr oce sses  and by g l a c i a l  q u a r r y i n g .  Anthus Pond is l o c a t e d  In a l e v e l ,  
g r a s s y  meadow a t  the  h i g h e s t  p a r t  o f  t he  c i r q u e ;  t he  rocky  s o i l  is
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c ov e re d  by a t h i c k  sod.  I ves  ( 1941 )  suggests  t h a t  in such l o c a l i t i e s  
smal l  w a t e r - f i l l e d  d e p r e s s i o n s  become s h a l l o w  ponds.  A h a r d ,  q u i c k  
f r e e z e  in t h e  e a r l y  f a l l  causes t h e  r a p i d l y  expandi ng  i ce  t o  c u t  gr ass  
r o o t s  and sod a t  t he  p e r i p h e r y  and thus e n l a r g e  t he  d e p r e s s i o n .  The 
o r i g i n a l  pool  is expanded and deepened by y e a r l y  i c e - t h r u s t ,  t h i c k e n i n g  
o f  t h e  sod mat ,  and a c t i o n  o f  a n i m a l s  a l o n g  t he  shore .
Though Ives  suggested t h e  o r i g i n a l  d e p r e s s i o n  t o  be formed by 
human i n f l u e n c e  o r  by d e e r  d i g g i n g  f o r  w a t e r  in h i g h ,  d r y  meadows,  
t h e s e  a c t i o n s  p r o b a b l y  were  no t  t h e  c a u s a t i v e  age nt s  on Grave Peak.  The 
f ew men t o  have v i s i t e d  t h e r e  have had no cause t o  d i g  h o l e s ;  de e r  might  
e a s i l y  have drunk  a t  Grave Lake o n l y  a s h o r t  d i s t a n c e  away.  The o r i g i n  
o f  Anthus Pond is b e t t e r  suggested  by t he  few l a r g e  rocks near  t h e  c e n t e r  
o f  t h e  p r e s e n t  pond.  P r o b a b l y  a l a r g e  r ock  t h a t  r o l l e d  f rom t h e  c i r q u e  
w a l l  c r e a t e d  a t i n y  pool  when i t  bounced a c r os s  t h e  meadow o r  when i t  
sank in t he  boggy t u r f .  Such a rock  would no l o n ge r  remain a t  ground  
l e v e l ,  but  m ight  be one o f  s e v e r a l  now r e s t i n g  on t h e  pond bot tom.
The f o r m a t i o n  o f  t he  Grave Lake and G e n t ia n  Pool  bas ins  is  
b e l i e v e d  t o  have been by g l a c i a l  q u a r r y i n g  as d e s c r i b e d  by F l i n t  (1957 )  
and diagrammed by P a r r ,  Rabe,  and Wissmar ( 1 9 6 8 ) .  A s t e p l i k e  p r o f i l e  
r e s u l t e d  when g l a c i a l  i c e  q u a r r i e d  t h e  w e l l  j o i n t e d  rock i m me d i a t e l y  
downslope f rom m a s s i v e ,  p o o r l y  j o i n t e d  f o r m a t i o n s .  Where j o i n t e d  rock  
was removed t o  a d e p t h  be low t he  l e v e l  o f  t he  n ex t  s t e p ,  a b a s i n ,  now 
w a t e r  f i l l e d ,  was f ormed.
T ha t  g l a c i a l  a c t i o n  and not  a n o t h e r  g e o l o g i c a l  phenomenon was 
r e s p o n s i b l e  f o r  l a k e  f o r m a t i o n  is  w i t n e s s e d  by t h e  s e v e r a l  f e a t u r e s  
a s s o c i a t e d  w i t h  g l a c i a l  a c t i o n  w o r l d w i d e ;  t he  s i n g l e  c r e s t  between  
a d j a c e n t  s t e e p  s i de d  c i r q u e s ,  t h e  s c u l p t u r e d  p yr a m id a l  shape o f  Grave
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Peak ,  and t h e  s t e p l i k e  v a l l e y  p r o f i l e  ( F l i n t ,  1 9 5 7 ) .
The t i m e  o f  f o r m a t i o n  is  unknown,  but  t h e  l a kes  may have been 
f o rme d ,  u n d o u b t e d l y  m o d i f i e d ,  by t h e  P l e i s t o c e n e  G l a c i a t i o n .  A s t udy  
a r e a  s e v e r a l  m i l e s  n o r t h  ( P a r r ,  Rabe,  and Wissmar ,  I 9 6 8 ) was d e s c r i b e d  
as showing much e v i d e n c e  o f  g l a c i a t i o n  l es s  than f o r t y  thousand ye a rs  
ago.  G e n t i a n  and Grave  were  formed d i r e c t l y  by g l a c i a l  a c t i o n ;  Anthus  
Pond c o u l d  no t  have been formed u n t i l  a f t e r  i c e  r ec e de d ,  s o i l  was 
d e p o s i t e d ,  and g r ass es  and sedges s o l i d i f i e d  a t h i c k  t u r f  t o  r e s i s t  
i c e - t h u r s t  and m a i n t a i n  a s h o r e l i n e .
The V e g e t a t i o n
F l o r a l  d e s c r i p t i o n  p r o v i d e s  a u s e f u l  compar ison w i t h  o t h e r  
r e g i o n s  and w i l l  p e r m i t  i n c l u s i o n  o f  t h e s e  l akes  w i t h  p a r t i c u l a r  t ypes  
p r e v i o u s l y  d e s c r i b e d .  A n a l y s i s  o f  t he  Grave Peak v e g e t a t i o n  would  
p r o b a b l y  i n d i c a t e  t h a t  s e v e r a l  s i t e s  each have p a r t i c u l a r  p l a n t  ass o­
c i a t i o n s .  The v a l l e y  c o n t a i n i n g  t h e  Grave Peak Lakes is  w e l l  d e f i n e d  
by s t e e p  c i r q u e  w a l l s  t o  t h e  south  and west  and by l e s s  p r omi nent  r i d g e s  
t o  t h e  n o r t h  and e a s t .  W i t h i n  t h i s  a r ea  t h e  f l o r a  is v a r i e d ,  but  much 
l e s s  so t han  t h e  f l o r a  o f  t h e  e n t i r e  mount a i n .
G r a s se s ,  sedges ,  h e r b s ,  and shrubs were p r o m i n e n t .  Few shrubs  
were  more than a few inches t a l l .  The e x t e n s i v e  g r a n i t i c  o u t c r o p p i n g s  
and t a l u s  s l opes  s e p a r a t e d  pa t ches  o f  v e g e t a t i o n ;  y e t  where s o i l  had 
formed in r ock  f i s s u r e s  some s p e c i e s  t h r i v e d .  Habeck (1967)  d e s c r i b e d  
seven a l p i n e  f l o r a l  communi t i es  based on m i c r o - m o i s t u r e  d i f f e r e n c e s .  
Though not  a l l  p l a n t  s p e c i e s  were  r e c o g n i z e d ,  t h e  s e v e r a l  t o p o g r a p h i c  
and h y d r o l o g i e  f e a t u r e s  were  noted in one o r  more l o c a l i t i e s .  No one 
p l a n t  communi ty p redo mi na t ed  n e a r  any l a k e .  The south s i d e  o f  each l a k e  
had more h y d r i c  communi t i es  m a i n t a i n e d  by w a t e r  f l o w i n g  f rom snowbanks
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t h r o u g h o u t  t h e  summer; t h e  h i g h l y  i n s o l a t e d  n o r t h  shores were dominated  
by more x e r i c  communi t i es .
T r e e s  o r  t h e i r  absence have been most used t o  d i s t i n g u i s h  
a l p i n e  communi t i e s .  Only  L a r i x  l y a l l i i  P a r i . ,  a l p i n e  l a r c h ;  P i cea 
e n g e l m a n n i i  P a r r y ,  Engelmann spr uc e ;  Ab ies  l a s i o c a r p a  ( Hook . )  N u t t . ,  
a l p i n e  f i r ;  and P i nus a l b i c a u 1 is E n g e l m. ,  w h i t e - b a r k  p i n e  were found  
ne a r  t h e  l a k e s .  Spec i es  were i d e n t i f i e d  a c c o r d i n g  t o  Moss ( 1 9 5 9 ) .  
Daubenmire  ( 1952 )  s t u d i e d  an e x t e n s i v e  a r e a  o f  Idaho i n c l u d i n g  t he  
C l e a r w a t e r  M o u nt a i ns .  The above s pe c i e s  were noted as ca pa b l e  o f  
e x i s t i n g  a t  t i m b e r l i n e .  Though wind p r u n i n g  was not  e v i d e n t  in the  
v a l l e y  w e l l  p r o t e c t e d  f rom p r e v a i l i n g  w i n d s ,  the  younger  t r e e s  were  
e x t r e m e l y  s t u n t e d .  An o t h e r  c h a r a c t e r i s t i c  o f  a l p i n e  i n d i v i d u a l s  o f  
P i c e a  e n g e lm a n n i i  and Ab ies  l a s i o c a r p a  noted by Habeck (1967 )  was p e r ­
s i s t e n c e  o f  n e e d le s  f rom s e v e r a l  p r e c e d i n g  seasons.  Such was noted even 
below seven thousand f e e t  in t he  v i c i n i t y  o f  Grave Peak.
Daubenmire ( 1952 )  noted a s e r a i  f e a t u r e  o f  a l p i n e  f o r e s t s ,  the  
v e r y  s low r e i n v a s i o n  by t r e e s  a f t e r  d e s t r u c t i o n  by f i r e  w i t h  no s e r a i  
r e l a t i o n s h i p  among s p e c i e s .  F i r e s  burned on Grave Peak in 1934.  S t and i ng  
snags b ea r  c h a r r e d  scars  and f a l l e n  logs a r e  p a r t i a l l y  burned.  Other  
m a t u r e  t r e e s  app ear  no t  t o  have burned.  Dead t r e e s  e v i de n ce  a more 
e x t e n s i v e  f o r e s t a t i o n  than now p r e s e n t ,  y e t  few young t r e e s  have spr ou ted  
e x c e p t  n e a r  l a r g e  i n d i v i d u a l s .
Dodds ( 1917 ) and Pennak ( 1941 )  proposed r e l a t i o n  o f  a l p i n e  l akes  
t o  s u r r o u n d i n g  v e g e t a t i o n  t y p e s .  A l p i n e  l a kes  were d e s c r i b e d  as near  
and above t i m b e r l i n e ;  montane l akes  t o  be sur rounded by lower  e l e v a t i o n  
f o r e s t s .  Because t h e  Grave Peak v e g e t a t i o n  has been equated  w i t h  the  
a 1p Î n e - 1 i m b e r 1 i ne communi t i es  o f  Daubenmire ( 1952 )  and Habeck ( 1 9 & 7 ) ,
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t h e  l a k e s  seem t o  f i t  t h e  a l p i n e  c l a s s i f i c a t i o n s  o f  both Dodds and 
Pennak.
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CHAPTER I
METHODS AND MATERIALS
Chemical  A n a l y s i s  
W a t e r  f o r  chemica l  a n a l y s i s  In t he  l a b o r a t o r y  was c o l l e c t e d  in 
o n e - f o u r t h  l i t e r  p r o p y l e n e  screw cap b o t t l e s .  Two such c o l l e c t i o n s  
were  t a ke n  w e ek l y  f rom each l a k e ;  t h e  same c o n t a i n e r s  were a lways used 
f o r  a p a r t i c u l a r  l a k e .  Water  was c o l l e c t e d  by submersing t he  r i n s e d  
b o t t l e  t o  p e r m i t  s low I n f l o w  o f  s u r f a c e  w a t e r .  The b o t t l e  was then  
capped w h i l e  c o m p l e t e l y  submersed t o  p r e v e n t  c a p t u r e  o f  a i r  b u b b l es .  
Samples were  r e f r i g e r a t e d  I m m e d i a t e l y  on r e t u r n  t o  t he  l a b o r a t o r y  to  
a w a i t  a n a l y s i s  w i t h i n  t w e n t y - e i g h t  hours o f  c o l l e c t i o n .  The above  
p r o c e d ur e s  were In accord  w i t h  t he  Hach manual  and t he  Amer ican P u b l i c  
H e a l t h  A s s o c i a t i o n  ( 1 9 4 6 ) .
Ana l yses  f o r  pH, d i s s o l v e d  oxygen,  carbon d i o x i d e ,  n i t r a t e  and 
n i t r i t e  n i t r o g e n ,  o r t h o - p h o s p h a t e ,  I r o n ,  c op p er ,  manganese,  s i l i c a ,  
c h l o r i d e ,  t o t a l  and c a l c i u m  ha r d n es s ,  and b r om -cr eso l  g r e e n - m e t h y l  red 
a l k a l i n i t y  and pheno1p h t h a 1e I n  a l k a l i n i t y  were made w i t h  the Hach 
Chemical  Company's Model DR-EL P o r t a b l e  Wat er  E n g i n e e r ' s  L a b o r a t o r y .
The f o l l o w i n g  p r o c e d u r a l  m o d i f i c a t i o n s  were made a cc o r d i n g  to  
no t es  in t h e  Hach manual  o r  a c c o r d i n g  t o  t h e  Amer ican P u b l i c  H e a l t h  
A s s o c i a t i o n  ( 1 9 4 6 ) ,  N i t r a t e  n i t r o g e n  d e t e r m i n a t i o n s  were made w i t h o u t  
d i l u t i o n ;  t h e  p r o p e r  m a t h e m a t i c a l  c o r r e c t i o n  was used.  D i s so l ve d  oxygen  
d e t e r m i n a t i o n s  were  made by c o l l e c t i n g  w a t e r  In s i x t y  m i l l i l i t e r  ground
12
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g l a s s  s t o p p e r e d  b o t t l e s .  The gas was f i x e d  i m m e d i a t e l y  a c c o r d i n g  t o  
p r o c e d u r e  and r e t u r n e d  t o  t h e  l a b o r a t o r y  f o r  f i n a l  d e t e r m i n a t i o n .  The 
d e l a y  c o u l d  cause no change in oxygen c o n t e n t  un l es s  a i r  bubbles  con­
t a m i n a t e d  t h e  c o n t a i n e r .  Care  was t aken  t o  p r e v e n t  c o n t a m i n a t i o n .
P h y s i c a l  O b s e r v a t i o n s
Maps p u b l i s h e d  by t he  U n i t e d  S t a t e s  F o r e s t  S e r v i c e  ( C l e a r w a t e r  
N a t i o n a l  F o r e s t ,  Powel l  Ranger  D i s t r i c t ,  1964)  and by the  U . S .  G e o l o g i c a l  
Survey  (Grave  Peak ,  I daho ,  I 9 6 6 , 7 i  m i n u t e  s e r i e s )  were c o n s u l t e d  
f r e q u e n t l y .  A U . S .  G e o l o g i c a l  Survey  permanent  t r i a n g u l a t i o n  marker  
a t  t h e  summit o f  Grave Peak was noted f o r  e l e v a t i o n .  A e r i a l  photographs  
EJO-5 - 5 4 , EJO-5 - 5 5 , EJO-5 - 6 8 , and EJO-5 - 6 9  t aken  24 August ,  1962,  by 
t h e  U . S .  F o r e s t  S e r v i c e  were  o f  c o n s i d e r a b l e  v a l u e .
W i n t e r  snowpack measurements and e s t i m a t e s ,  p o s s i b l e  d a t e s  o f  
i c e  c o v e r  and s p r i n g  thaw,  r a i n f a l l  measurements ,  and o t h e r  r e co r ds  were  
g i v e n  o r  made a v a i l a b l e  by s e v e r a l  peo p le  a s s o c i a t e d  w i t h  t h e  Powel l  
Ranger  S t a t i o n .
Wat e r  l e v e l s  were  measured f rom a mar ker  p o i n t  e s t a b l i s h e d  in 
each l a k e  28 J u l y ,  I 9 6 9 . I n f l o w  and o u t f l o w  were noted w e ek l y  as was 
t h e  snow r e ma i n in g  on each l a k e  shore  and on n o r t h  f a c i n g  c i r q u e  w a l l s .
I d e t e r m i n e d  maximum d ep ths  by l o w e r i n g  a w e i g h t e d  l i n e  a t  s e v e r a l  
p o i n t s  w h i l e  f l o a t i n g  on a p l a s t i c  m a t t r e s s .
Lake s u r f a c e  a r ea  was measured f rom t h e  U . S .  G e o l o g i c a l  Survey  
map by t h e  p o l a r  p l a n i m e t e r  method o f  Welch ( 1 9 4 8 ,  pp.  7 9 - 8 2 ) .  Maximum 
l e n g t h s  and maximum w i d t h s  were  a l s o  c a l c u l a t e d  a c c o r d i n g  t o  Welch.
A S a r g en t  t h r e e  inch immersion mercury  t hermometer  w i t h  one 
d eg r e e  g r a d a t i o n s  was used t o  t a k e  s u r f a c e  w a t e r  and a i r  t e m p e r a t u r e s .  
The i n s t r u m e n t  was checked and found a c c u r a t e  f o r  b o i l i n g  and f r e e z i n g
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p o i n t s  b e f o r e  and a f t e r  f i e l d  i n v e s t i g a t i o n .
P l a n k t o n  C o l l e c t i o n s
P l a n k t o n  c o l l e c t i o n s  were made w i t h  a number 20 mesh ny lon  
p l a n k t o n  n e t .  A f i v e  inch ope n i ng  was m a i n t a i n e d  by a w i r e  band.
T h r e e  ny l on  l i n e s  a t t a c h e d  t o  t h e  r i n g  and a t e r m i n a l  swi ve l  p e r m i t t e d  
c o n n e c t i o n  t o  t en  pound l i n e  on a rod mounted open f a c e  r e e l .  For  
each c o l l e c t i o n  t h e  ne t  was p o s i t i o n e d  in t he  w a t e r  u n t i l  one hundred  
f e e t  o f  l i n e  were r e l e a s e d  and a p r e s e l e c t e d  p o s i t i o n  taken a l ong  t he  
l a k e s h o r e .  L i n e  was r e t r i e v e d  a t  an a p p r o x i m a t e  r a t e  o f  f i f t y  f e e t  
per  m i n u t e .  Backwashing d i d  not  seem t o  occur  In f r o n t  o f  the  l ong ,  
g r a d u a l l y  t a p e r e d  n e t  a t  t h a t  speed.  R a t i o  o f  ne t  opening a r e a  t o  
n e t  s u r f a c e  a r e a  was 1 : 1 8 .
The p l a n k t o n  organ isms c o l l e c t e d  in a p l a s t i c  c o n t a i n e r  a t  
t h e  bot tom o f  t h e  n e t .  The c o n t a i n e r ,  l ess  dense than w a t e r ,  caused  
t h e  n e t  t o  remain ne a r  t he  s u r f a c e .  At  a measured r e t r i e v e  r a t e  o f  
f i f t y  f e e t  per  m i n u t e  t he  c e n t e r  o f  t he  n e t  open ing  m a i n t a i n e d  a depth  
o f  f o u r t e e n  t o  n i n e t e e n  i n ch es .  The w a t e r  column sampled was a f i v e  
inch d i a m e t e r ,  one hundred f o o t  h o r i z o n t a l  c y l i n d e r  c e n t e r e d  a t  t he  
above d e p t h .  Two one hundred f o o t  c o l l e c t i o n s  were  made in each l ak e  
on each sampl ing  d a t e .  Problems o f  sampl ing w i t h  n e t s  ( R i c k e r ,  1932,  
1 9 3 8 ; Aron and Col l a r d ,  1989)  were c o n s i d e r e d ;  t he  c o l l e c t i o n s  were  
t h o u g h t  t o  be as a c c u r a t e  as p o s s i b l e ,  but  not  s u i t a b l e  f o r  e x t e n s i v e  
q u a n t i t a t i v e  s t u d y .  Such was not  t he  i n tended  purpose o f  the  i n v e s t i ­
g a t i o n .  O c c a s i o n a l l y  in Anthus Pond the  n e t  scraped on the  bot tom;  
when mud appeared  in t he  n e t ,  t he  sample was d i s c a r d e d  and a n o t h e r  
col  1e c t e d .
A f t e r  a l l  t h e  organ isms were r i n s e d  i n t o  t he  c o l l e c t i n g  
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c o n t a i n e r ,  t w o  t h i r d s  o f  e ac h  s am p l e  was f i x e d  I n  n i n e t y - f i v e  p e r  c e n t  
e t h y l  a l c o h o l .  The r e m a i n i n g  p o r t i o n  was r e t u r n e d  t o  t h e  l a b o r a t o r y  
f o r  o b s e r v a t i o n  o f  l i v i n g  s p e c i m e n s  and f o r  a l t e r n a t e  f i x a t i o n  o f  
r o t i f e r s .  An e q u a l  v o l u m e  o f  b o i l i n g  w a t e r  was added t o  t h e  samp le  
d u r i n g  l a b o r a t o r y  f i x a t i o n ;  t h i s  t e c h n i q u e  f i x e d  t h e  r o t i f e r s  i n  an 
e x t e n d e d  p o s i t i o n .  The o r i g i n a l  f i x a t i v e  was d e c a n t e d  and a l l  s amp les  
p r e s e r v e d  i n  e i g h t y  p e r  c e n t  e t h y l  a l c o h o l  w i t h  g l y c e r i n  added t o  
p r e v e n t  h a r d e n i n g  and d e s t r u c t i o n  s h o u l d  d r y i n g  o c c u r  (Pennak ,  1 9 5 3 ) .
EacK p r e s e r v e d  c o l l e c t i o n  was s t u d i e d  w i t h  a Bausch & Lomb b i n o c u l a r  
d i s s e c t i n g  m i c r o s c o p e .  Samples  w e r e  p l a c e d  i n  a S y r a c u s e  w a t c h  g l a s s  
when s t u d i e d .  R e l a t i v e  a bu ndan ce  o f  each  s p e c i e s  and imma t u re  s t a g e s  
w e r e  r e c o r d e d ;  f e m a l e s  b e a r i n g  eggs  w e r e  n o t e d .  R o t i f e r s  we re  s t u d i e d  
w h i l e  a l i v e  and a f t e r  p r e s e r v a t i o n .  O n l y  c a l a n o i d  cope pods  o f  a f ew  
c o l l e c t i o n s  w e r e  c o u n t e d ;  n a u p l i l  and i mm at u r e  c a l a n o i d  c o p e p o d i t e s  
w e r e  r e c o r d e d  o n l y  as i m m a tu r e  f o r m s .
The second  e d i t i o n  o f  F r e s h w a t e r  B i o l o g y  (Ward and W h i p p l e ,
1 96 6 ) was t h e  p r i m a r y  s o u r c e  f o r  i d e n t i f i c a t i o n .  A monog raph  by 
B r o o k s  ( 1957 ) and a r t i c l e s  by DeGuerne and R i c h a r d  ( 1 8 8 9 ) ,  For bes  
1 8 9 3 ) ,  Marsh  ( 1 9 1 5 ) ,  and W i l s o n  ( 1953 )  s u p p l e m e n t e d  t h e  g e n e r a l  k e y .
An A m e r i c a n  O p t i c a l  b i n o c u l a r  compound m i c r o s c o p e  p e r m i t t e d  o b s e r v a t i o n  
o f  s p e c i f i c  m o r p h o l o g i c a l  f e a t u r e s .  Copepods and c l a d o c e r a n s  w e r e  
i d e n t i f i e d  t o  s p e c i e s ;  r o t i f e r s  we re  i d e n t i f i e d  t o  genus  o r  t o  s p e c i e s  
when p o s s i b l e .  I d e n t i f i e d  r e p r e s e n t a t i v e s  w e r e  s e n t  t o  r e c o g n i z e d  
a u t h o r i t i e s  f o r  v e r i f i c a t i o n .  V e r i f i c a t i o n s  w e r e  made by Mrs .  M i l d r e d  
S. W i l s o n  o f  A n c h o r a g e ,  A l a s k a ,  c a l a n o i d  c o p e p o d s ,  and by Dr .  John C. 
W r i g h t  and Mr .  Abraham H o r p e s t a d  o f  Mon t ana  S t a t e  U n i v e r s i t y ,  c l a d o c e r a n s
The l o c a t i o n  o f  s p e c i m e n s  may be o f  i n t e r e s t  t o  f u t u r e
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i n v e s t i g a t o r s .  Spec i mens  o f  a l l  s p e c i e s  a r e  i n  t h e  a u t h o r ' s  c o l l e c t i o n s  
S amp l es  o f  c o p e p o d s ,  c l a d o c e r a n s ,  and Conoc h i  l u s  u n i c o r n i s  a r e  a t  t h e  
U n i v e r s i t y  o f  Mon t ana  B i o l o g i c a l  S t a t i o n .  C a l a n o i d  copepods  a r e  i n  
t h e  c o l l e c t i o n  o f  M r s .  M i l d r e d  S. W i l s o n ;  C l a d o c e r a  a r e  i n  t h e  p e r s o n a l  
c o l l e c t i o n  o f  Dr .  John  C. W r i g h t ;  and r o t i f e r s  a r e  i n  t h e  c o l l e c t i o n  
o f  t h e  U n i v e r s i t y  o f  W a s h i n g t o n .
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CHAPTER IV
THE LAKES
P h y s i c a l  F e a t u r e s
M o r p ho m et r l c  and o t h e r  p h y s i c a l  c h a r a c t e r i s t i c s  o f  the  Grave  
Peak Lakes a r e  p r e s e n t e d  in T a b l e  1. A l l  a r e  above seven thousand f e e t  
e l e v a t i o n  and a r e  s m a l l .  Grave Lake w i t h  a depth  o f  t h i r t y  f e e t  is  
t h e  o n l y  one w i t h  an e x t e n s i v e  p e l a g i c  zone .  The upper  and lower  
b a s i n s  a r e  q u i t e  s h a l l o w .  The l i t t o r a l  zone ex t end s  t o  the  deepest  
w a t e r  in Anthus Pond and G e n t i a n  Po o l .
Maximum l e n g t h  and maximum w i d t h  a r e  equal  r e s p e c t i v e l y  t o  
maximum e f f e c t i v e  l e n g t h  and maximum e f f e c t i v e  w i d t h .  No i s l a n d s  or  
p e n i n s u l a s  i n t e r r u p t  wind a c t i o n  a l o ng  t h e  l a k e  s u r f a c e .  S t eep  c i r q u e  
w a l l s  t o  t h e  south  and west  p r o t e c t  t h e  v a l l e y  f rom p r e v a i l i n g  w inds .
On warm days t he r ma l  c u r r e n t s  do r i s e  f rom t he  c i r q u e ;  a i r  moves from 
be l ow toward  t he  r i d g e  between Grave Peak and F r i d a y  Pass ( F i g u r e  1 ) .  
The b r e e z e  causes s l i g h t  d i s t u r b a n c e  t o  t h e  s u r f a c e  w a t e r s  o f  Gen t i an  
Pool and Anthus Pond.  W a v e l e t s  t o  t h r e e  inches h e i g h t  o f t e n  d e v e l o p  
by noon on Grave Lake.  The wind a c t i o n  may mix  some s u r f a c e  w a t e r s  
w i t h  c o o l e r ,  deeper  l a y e r s .  Not  u n t i l  mid mor n i ng ,  n i n e  o ' c l o c k ,  does 
t h e  sun r i s e  above t h e  s o u th e rn  r i d g e .  S u n l i g h t  is on the  w a t e r  f rom 
t h a t  hour  u n t i l  f o u r  o ' c l o c k  d u r i n g  J u l y ,  f o r  a s h o r t e r  t ime  d u r i n g  t he  
o t h e r  months.
W e a t h e r i n g  o f  t h e  c i r q u e  w a l l s  has caused l a r g e  b ou l de r s  to
17
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PHYSICAL FEATURES OF THE GRAVE PEAK LAKES
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E l e v a t i o n  ( f t . )
S u r f a c e  Area  ( a c r e s )  
Maximum Depth ( & f . )  
Maximum Length  ( f t . )  
Maximum W id th  ( f t . )  
D r a in a g e  Basin  ( a c r e s )  
Basin  Form 
I n l e t s
Bottom Type
Anthus
7435
.85
4
280
100
35
i c e - t h r u s t  
snowmelt
g r a n i t i c  sand 
g y t t j a
T e m p e ra tu r e  (max) (°C) 1 4 .0
Grave
7367
6 . 7
30
805
510
110
c i rque
snowme1t  
s p r in g  
c r e e k
g r a n i t i c  sand 
b o u ld e rs  
bedrock  
g y t t j a  
logs
1 7 . 0
Gent ian
7230
1 3
12
580
240
240
c i rque
snowme1t  
c r e e k
g r a n i t i c  sand 
bedrock  
g y t t j a  
logs
18 . 0
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r o l l  I n t o  each l a k e ,  many I n t o  Grave Lake .  A g r e a t  rock  t h a t  may have  
f a l l e n  f rom  th e  r i d g e  c r e s t  s e t t l e d  In th e  s o u th e a s t  q u a r t e r  o f  Grave  
Lake .  One Jagged c o r n e r  rose  a few Inches above h i g h e s t  w a t e r .  F i n e r  
rock  m a t e r i a l  has been washed down snowmeIt seeps and has been eroded  
f rom s h o r e l i n e  s o l i  such t h a t  l a k e  beds have a c o v e r in g  o f  g r a n i t i c  
p eb b le s  and sand.  G y t t j a  has a l s o  been d e p o s i te d  In small  q u a n t i t i e s .
In Grave Lake and G e n t ia n  Pool sunken logs were s c a t t e r e d  on th e  bot tom.
Each la k e  was s u p p l i e d  by s e v e r a l  snowmelt t r i c k l e s  o r  by 
m e l t i n g  s h o r e l i n e  snow d u r i n g  t h e  e a r l y  open season.  By e a r l y  August  
o n l y  f r o s t  deep ben eath  t a l u s  s lo p e s  and snow h ig h  on th e  c i r q u e  r im
rem a in ed .  In l a t e  August  and September  i n f l o w  from snowme1t  was
m i n i m a l .  F a l l  r a i n s  and e a r l y  snow began In l a t e  September.
D u r ing  summer 1969 m e l t  w a t e r  c o n t in u e d  t o  e n t e r  the  lower  
l a k e s  d u r i n g  the  e n t i r e  p e r i o d  o f  f i e l d  i n v e s t i g a t i o n ;  Anthus Pond 
r e c e i v e d  no m e l t  w a t e r  a f t e r  mid A u gus t .  A s p r in g  a t  th e  base o f  a 
l a r g e  rock  on th e  n o r t h  shore  o f  Grave Lake was marked by a moss mat 
two f e e t  In d i a m e t e r .  The f l o w  was s m a l l ;  no t e m p e r a t u r e  d i f f e r e n c e  
was re c o rd e d  between w a t e r  n e a r  o r  d i s t a n t  f rom the  s p r i n g .
W ate r  f lo w e d  f rom Anthus Pond t o  Grave Lake to  G e n t ia n  Pool 
and then  f rom th e  c i r q u e  v a l l e y .  Though no w a t e r  f lo w ed  from Anthus  
Pond on 15 Septem ber ,  19&9, seepage d id  m a i n t a i n  a f l o w  In the  c re e k
l e a d i n g  to  Grave Lake .  At  no t im e  d u r i n g  19&9 d id  th e  f l o w  from
Anthus t o  Grave seem t o  be more than a smal l  p o r t i o n  o f  t o t a l  i n f l o w  
t o  t h e  lo w e r  l a k e .  O u t f l o w  from Grave Lake s u p p l i e d  a g r e a t  p o r t i o n  
o f  G e n t ia n  Pool w a t e r .  U n t i l  mid August  w a t e r  f lo w e d  from Grave Lake  
a t  two p o i n t s ,  but  as th e  l a k e  l e v e l  d ropp ed ,  th e  n o r t h e r l y  s tream  
ceased t o  f l o w  ( d o t t e d  l i n e ;  F i g u r e  1 ) .
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Log jams a t  t h e  o u t l e t s  o f  Grave and G e n t ia n  m a in ta in e d  w a te r  
s i x  t o  ten  inches h i g h e r  than th e  n a t u r a l  s p i l l w a y s  m ight  have done 
d u r i n g  e a r l y  season h ig h  w a t e r .  As snowmelt d e c re a s e d ,  w a te r  t r i c k l e d  
f rom  each l a k e ;  th e  o u t f l o w  was m a i n t a in e d  th rough  th e  summer by the  
porous n a t u r a l  dams. These dams may a l s o  have p re v e n te d  sudden f l u s h i n g  
o f  t h e  la k e s  when g r e a t  q u a n t i t i e s  o f  snow w a t e r  cascaded o f f  the  
m o u n ta in .  F l u s h i n g  has a c o n s i d e r a b l e  i n f l u e n c e  on t im e  and m agni tude  
o f  p o p u l a t i o n  peaks In A l p i n e  la k e s  { R u t t n e r ,  1 9 6 3 ) .
W ater  l e v e l  d e c re ased  r a p i d l y  in Anthus Pond a f t e r  4 August .
The l e v e l  dropped one f o o t  by 15 September .  A r a p i d  drop o f  Grave Lake
l e v e l ,  e i g h t  inches between 4 August  and 18 A u gus t ,  r e f l e c t e d  f l o w
th ro u g h  th e  log dam. D u r in g  th e  same two weeks G e n t ia n  Pool dropped  
te n  in c h e s .  W eekly  decrem ents  o f  about  one inch c o n t in u e d  u n t i l  8 
Septem b er .  A v i o l e n t  th u n d e rs to r m  system 11 September  w i t h  v e r y  lo c a l  
showers washed roads and t r a i l s  w i t h  g r e a t  f o r c e .  Stones o f  two inch  
d i a m e t e r  were  moved c o n s i d e r a b l e  d i s t a n c e  a lo n g  Wind Lakes T r a i l .  
R a i n f a l l  amounts were 0 . 3 0  inch a t  D i a b l o  M o u n ta in ,  0 . 5 6  inch a t  
Rocky P o i n t ,  and 0 . 2 8  inch a t  Jay P o i n t .  Most s e v e r e  road washing was 
n e a r  Swamp C r e e k ,  about  f i v e  m i l e s  d i r e c t l y  e a s t  o f  Grave Peak.  One 
h a l f  t o  t h r e e  q u a r t e r s  o f  an inch o f  r a i n  may have f a l l e n  a t  Kooskooskia  
Meadows. These showers were  th e  o n l y  m eas u rab le  p r e c i p i t a t i o n  in the  
a r e a  d u r i n g  th e  p e r i o d  o f  i n v e s t i g a t i o n .  Four days a f t e r  th e  storm  
t h e  l e v e l  o f  Anthus Pond had dropped a n o t h e r  two inches w h i l e  Grave Lake 
rem ained  s t a b l e  and G e n t ia n  Pool had r i s e n  one h a l f  inch .
The s i n g l e  f e a t u r e  o f  th e  Grave Peak Lakes t h a t  l i m i t e d  t h e i r  
imm edia te  i n c l u s i o n  in th e  a l p i n e  c l a s s i f i c a t i o n  o f  Dodds (1917 )  was 
t e m p e r a t u r e  ( F i g u r e  2 ) .  They have u s u a l l y  been Ic e  f r e e  in mid June
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o r  J u l y  and f r o z e n  a g a in  by O c to b e r .  Y e t  th e  maximum s u r f a c e  te m p e r a t u r e  
was 14°C in Anthus Pond, 17°C in Grave Lake ,  and 18°C in G en t ian  P o o l .  
Maximum t e m p e r a t u r e  in each l a k e  o c c u r re d  4 A u gus t ,  19$9«
Dodds ( 1917 ) d e s c r ib e d  a l p i n e  la k e s  as th o se  not  warming above  
5 2 ° F  (1 1 ° C )  and montane la k e s  a t  low er  e l e v a t i o n s  w i t h  maximum t e m p e r a tu r e s  
o f  5 5 “ é 5 ° F  ( 1 3 “ 1 8 ° C ) .  He d id  no t  m ent ion  w h e th e r  he c a l c u l a t e d  te m p e r a t u r e  
from s u r f a c e  w a t e r ,  an a v e r a g e  from s e v e r a l  d e p th s ,  o r  by o t h e r  means.  
R u t t n e r  ( 1 9 6 3 )  c l a s s i f i e d  la k e s  by th e  ty p e  o f  therm al  s t r a t i f i c a t i o n  
as d i d  H u tch ins on  and L b f f l e r  ( 1 9 5 6 )  and Welch ( 1 9 4 8 ) .  Dodds has been 
t h e  o n l y  a u t h o r  t o  a t t e m p t  c l a s s i f i c a t i o n  o f  Rocky Mounta in  h igh  e l e v a ­
t i o n  l a k e s .
A i r  t e m p e r a t u r e  a t  5 : 3 0  a .m .  PDT 15 September ,  1969,  a t  
Kooskooskia  Meadows was ~ 3 - 8 ° C .  Ice  remained a lo n g  the  shore  o f  each 
l a k e  a t  ten  o ' c l o c k  though a i r  t e m p e r a t u r e  a t  Anthus Pond was 4 . 2 ° C .
Rangers a t  Powel l  r e p o r t e d  21 O c to b e r ,  1969 ,  t h a t  as o f  16 O ctober  
Hoodoo Lake ,  a t  an e l e v a t i o n  o f  5787 f e e t  and a few m i l e s  s o u th e a s t  o f  
Grave  Peak,  was i c e  c o v e r e d .  At  t h a t  t im e  Grave Peak was m o s t ly  snow 
c o v e re d  when v iewed from L0 I 0 Pass.  Rangers r e p o r t e d  s i x  inches o f  
snow on E l k  Summit Road; th e y  e s t i m a t e d  one f o o t  o f  snow on th e  
m o u n ta in .  The Grave Peak Lakes had been f r o z e n  as much as two weeks 
p r e v i o u s  t o  i c e  f o r m a t i o n  on Hoodoo Lake.
Ic e  may be t h e  most s e v e re  l i m i t a t i o n  to  th e  a l p i n e  community.  
W i n t e r  i c e  t h i c k n e s s  was n o t  m easured ,  but  i n d i c a t i o n s  o f  ice a c t i o n  
d u r i n g  p r e v i o u s  w i n t e r s  was o b s e r v e d .  The a c t i o n  o f  ic e  in Anthus Pond 
has been d is c u s s e d  p r e v i o u s l y .  A l l  w a t e r  and bottom sed im ents  p r o b a b ly  
have f r o z e n  each y e a r .  Ice  on Grave Lake may f r e e z e  t o  a depth  o f  
s e v e r a l  f e e t .  Rangers so q u e s t io n e d  doubted t h a t  such a deep la k e
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m ig h t  e v e r  f r e e z e  s o l i d l y .  I n d i c a t i o n s  o f  e x t e n s i v e  I c e - t h r u s t  were  
n ot  a p p a r e n t  in  Grave Lake o r  G e n t ia n  P o o l .
G e n t ia n  Pool i c e  is  suspected  to  be i n f l u e n c e d  by y e a r l y  
c o n d i t i o n s .  Much w a t e r  may f r e e z e  each y e a r ;  th e  l a k e  may f r e e z e  to  
t h e  bot tom  in  y e a r s  o f  l i g h t  snow. W ater  f l o w i n g  through the  l a k e  may 
i n f l u e n c e  i c e  f o r m a t i o n .
A long s igm oid  channel  was seen to  beg in  a t  th e  p o i n t  o f  I n f l o w ;  
i t  ex te n d e d  about  s e v e n t y - f i v e  f e e t  I n t o  th e  l a k e .  The channel  was 
about  two inches deep and t w e l v e  to  tw e n ty  inches w id e .  I t  was bare  
o f  g y t t j a  when f i r s t  n o t i c e d ,  but  I t  became f i l l e d  w i t h  s o f t  sed im ents  
by Septem ber .  I n f l o w i n g  w a t e r  had c u t  and m a i n t a in e d  th e  channel  beneath  
ice  o f  th e  p r e v i o u s  w i n t e r .
W ater  C h e m is t ry
W eekly  a n a ly s e s  f o r  each o f  s e v e r a l  substances were made to  
d e t e r m in e  what c o r r e l a t i o n s  m ight  be made between chem ica l  changes and 
z o o p la n k t o n  f l u c t u a t i o n s .  These p a r t i c u l a r  substances  were s e l e c t e d  
f o r  a n a l y s i s  because o f  im p or tan ce  in m e t a b o l i c  processes  and th e  l i m i t s  
t h a t  excess and in a d e q u a te  c o n c e n t r a t i o n s  may impose on l i v i n g  systems.
Not o n l y  th e s e  substances  may have i n f l u e n c e d  th e  p l a n k t o n  community,  
but some c o n d i t i o n s  w i t h  w hich  th e  organ isms l i v e d  a r e  r e f l e c t e d  by the  
p a r t i a l  a n a l y s i s .  The l a k e s  were chosen because th e  chemical  co m p o s i t io n  
was e x p e c te d  t o  be s i m i l a r  among th e  t h r e e .  The s i m i l a r i t i e s  d id  become 
a p p a r e n t  and have been g r a p h i c a l l y  r e p r e s e n t e d  on s e v e r a l  o f  th e  f o l l o w i n g  
p a g e s .
I ro n  ( F i g u r e  3 ) ,  manganese ( F i g u r e  4 ) ,  n i t r a t e s  ( F ig u r e  5 ) ,  
n i t r i t e s  ( F i g u r e  6 ) ,  and o r t h o - p h o s p h a t e  ( F i g u r e  7) were p r e s e n t  in such
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
24
in
00
CO
00
CN
<U -H
X  > +J +j m «3 C M 01 <j e> o CS
o
oom
oocno
OJ
' i
A01
CO
3>
ftO
3
CO
CU
cSi-J
0)Pm
0)
w
O
o\\oor\
>-i
CU
in
g?-<
60
•H
u o - p x T T q  S 3 J B d
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
25
m
, — 00
-  00
t-H
00
OJ
o
oo oo
p.<u
CO
JJ
cn
P00
<
3
cn(U
«01PU
Ih
(L5
o\CO<Ti
W(U
3
CO
(U
cn3
3«
00
I
00•H
Pu
CO csi
uoTXXxq aad sqaed
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
26
m
I—H
_  00
4J
00Csl
CM
OCNIm
COa>
0)Pw
0)
>-lo
o>
VO
OV
0)
o
CO
CO
CU4-J
cO
-w•rH%
m
M•H
ft.
u o f x i T q  S3aed
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
27
m
00
00
C
CO CO d (U
Æ >■w CO a 
C  V i <U C O O
Oin n<r
V01
S
O k0)
C/0
CO3
(JO
3
c
CO01.ili
(U
Ph
3
uo
G\\0
<Th
U
CD
3cn
to<u
•Hu•u
:z
W)•H
uoxxiT*^ asd S3%ed
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
2 8
Anthus ---------
Grave .........
Gentian ---------
co■H
w
CU
CL
nJ
CL
2 . 0
0
0 .0
28 11 184 2521 1 8 15
July August
Fig. 7. Ortho-phosphate; Summer 1969; Grave Peak Lakes
September
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
2 9
low c o n c e n t r a t i o n s  t h a t  e n d p o in ts  t o  a c c u r a t e  a n a l y s i s  were approached .  
T e s t s  t h a t  gave q u e s t i o n a b l e  r e s u l t s  were r e p e a t e d .
S i l i c a  ( F i g u r e  8 )  and o r t h o - p h o s p h a t e  e x h i b i t e d  v a r i a t i o n  from  
usua l  c o n c e n t r a t i o n s  on some d a t e s  as d e t a i l e d  be low.
H u tch in s o n  (1 9 5 7 )  co m p i le d  I n f o r m a t i o n  t o  e x p l a i n  s i l i c a  
i n c r e a s e s  a t  t h e  end o f  summer. Reasons were d e c re a s e  o f  s i l i c a  use 
by d e c l i n i n g  d ia to m  p o p u l a t i o n s ,  c o n t r i b u t i o n s  by I n f l o w i n g  w a t e r ,  and 
d i f f u s i o n  f rom  s h a l l o w  w a t e r  s e d im e n ts .  The G e n t ia n  Pool I n c r e a s e  may 
be due t o  d i f f u s i o n  from th e  bot tom because such an e x t e n s i v e  a r e a  was 
c o v e re d  by o n l y  a few Inches o f  w a t e r .
The above i n c r e a s e  was a s s o c i a t e d  w i t h  an o r th o - p h o s p h a te  
minimum In a l l  t h r e e  l a k e s .  O r th o -p h o s p h a te  in c re a s e d  g r e a t l y  in Anthus  
Pond and G e n t ia n  Pool soon a f t e r .  The n u t r i e n t  In G e n t ia n  had p r e v i o u s l y  
e x h i b i t e d  an uneven c o n c e n t r a t i o n ;  H u tch inson  (1957 )  noted s i m i l a r  
phosphate  f l u c t u a t i o n s  In L I n s l e y  Pond. R u t t n e r  ( 1963 )  noted t h a t  
DIaptomus s t o r e d  phosphorus in t h e i r  b od ies  as do many p h y to p 1a n k t e r s  
and h i g h e r  a q u a t i c  p l a n t s  (H u tch in so n  and Bowen, 1 9 4 7 ) .  Q u a n t i t a t i v e  
p l a n k t o n  a n a l y s i s  was not  a t t e m p t e d ,  but  t r e n d s  were n o te d .  At  the  
t im e  o f  phosphate  maximum In G e n t ia n  Pool many fe m a le  DIaptomus t y r r e l l I  
were  c a r r y i n g  egg sacs .  Ex u v iae  o f  f i f t h  c o p e p o d l te s  were c o l l e c t e d  
In q u a n t i t y .  M e g l i t s c h  ( 1 9 6 7 )  suggested most m in e r a l  substances to  be 
re s o r b e d  f rom  th e  e x u v i a e  b e f o r e  e c d y s i s .  The o r th o - p h o s p h a te  In c r e a s e  
in G e n t ia n  Pool a t  th e  t im e  o f  e c d y s is  by many copepods suggested t h a t  
phosphate  may be r e l e a s e d  d u r in g  e c d y s is  by DIaptomus t y r r e l l I . No 
s i m i l a r  o r t h o - p h o s p h a t e  in c r e a s e  o c c u r re d  In Grave Lake when th e  same 
s p e c ie s  m o l t e d .  N e i t h e r  d id  an In c r e a s e  o ccur  when many a d u l t s  o f  
a n o t h e r  s p e c ie s  d i e d  a f t e r  r e p r o d u c t i o n  was c o m p le te d .  O r th o -p h o s p h a te
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i n c r e a s e  in Anthus Pond c o u ld  no t  be a s s o c i a t e d  w i t h  D iap to m u s; th e  
i n c r e a s e  d i d  f o l l o w  a r a p i d  d e c l i n e  o f  th e  Polyphemus p e d ic u lu s  
p o p u l a t i o n .
Diaptomus t y r r e l l i  induced t o  com ple te  e c d y s is  s i m u l t a n e o u s l y  
in c o n c e n t r a t e d  c u l t u r e  m ig h t  i n d i c a t e  o r t h o - p h o s p h a t e  r e l e a s e  a t  
ecdys i s .
T o t a l  hardness ( F i g u r e  9 ) ,  c a l c i u m  hardness ( F ig u r e  1 0 ) ,  and 
b ro m -c r e s o l  g r e e n -m e t h y l  red a l k a l i n i t y  ( F i g u r e  11) i n d i c a t e  th e  s o f t  
w a t e r  c h a r a c t e r i s t i c s  o f  th e  l a k e s .  A c i d i c  pH ( F ig u r e  12) is  t y p i c a l  
o f  a l p i n e  la k e s  (Dodds,  1 9 1 7 ) .  Carbon d i o x i d e  ( F i g u r e  13) d e t e r m i n a t i o n s  
were made s e v e r a l  hours a f t e r  th e  w a t e r  samples were c o l l e c t e d .
D i s s o lv e d  oxygen c o n c e n t r a t i o n s  ( F i g u r e  14) i n d i c a t e d  t h a t  
s a t u r a t i o n s ,  as c a l c u l a t e d  w i t h  Rawson's nomogram (W elch ,  1 9 4 8 ) ,  were  
a l l  w e l l  above one hundred p e r  c e n t .
A q u a t ic  F l o r a
C o lo ra d o  a l p i n e  la k e s  ( S h a n tz ,  1907;  Dodds, 1917; and Pennak,  
1955a)  and s e v e r a l  Idaho s u b a lp in e  l a k e s  ( P a r r ,  Rabe, and Wissmar,  1968)  
have been d e s c r ib e d  w i t h  e x t e n s i v e  f l o r a .  Submergent ,  em e rg e n t ,  and 
a l g a l  f l o r a  w ere  m ent ioned t o  o c c u r  in a l l  bu t  th e  h i g h e s t ,  most b a r r e n ,  
and most s e v e r e l y  exposed l a k e s .  The f l o r a l  community was e x t r e m e l y  
s im p le  in th e  Grave Peak Lakes d u r i n g  19&9. No p l a n t  e x c e p t  a l g a e  grew  
in  Anthus Pond. A s i n g l e  moss mat n e a r  a s p r in g  was th e  o n ly  h i g h e r  
a q u a t i c  p l a n t  in Grave Lak e .  A long th e  n o r t h  s h o r e l i n e  o f  G e n t ia n  Pool 
w ere  s c a t t e r e d  clumps o f  Juncus and Carex  t h a t  grew w e l l  o n l y  a f t e r  
h i g h e s t  w a t e r  rece d ed .
Few a l g a l  c e l l s  were c o l l e c t e d  on any d a t e  though c o n s i d e r a b l e  
q u a n t i t i e s  o f  o r g a n i c  d e t r i t u s  were  a lw ays  t a k e n .  In p l a n k t o n
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c o l l e c t i o n s  w e re ;  Anthus Pond, E u as t ru m , Zygnema, and C e ra t  i um;
Grave  L a k e ,  M i c r a s t e r î a s , Zygnema, and C e r a t  i um; G e n t ia n  P o o l ,  
M i c r a s t e r i a s , Zygnema, and C e ra t  i um. C e ra t  i um i s a d î n o f l a g e l l a t e ;  
t h e  o t h e r  gen era  be long  t o  th e  o r d e r  Zygnem ata les  o f  th e  C h lo ro p h y ta  
( P r e s c o t t ,  1962 ) .  The Zygnema f i l a m e n t s  in G e n t ia n  Pool p la n k t o n  
p r o b a b ly  o r i g i n a t e d  f rom  mats o f  t h a t  a l g a e  lo c a t e d  nea r  th e  i n l e t  
s t r e a m .  No r e c o g n i z a b l e  sou rc e  e x i s t e d  in Anthus Pond. At  no t im e  
w ere  d ia to m s  c o l l e c t e d .  P o s s i b l y  n a n n o p la n k t o n ic  s p e c ie s  were not  
c o l l e c t e d  by t h e  p l a n k t o n  n e t .
N o n - P la n k t o n ic  Fauna
The v e r t e b r a t e s  and n o n - p l a n k t o n i c  i n v e r t e b r a t e s  a s s o c i a t e d  
w i t h  t h e  l a k e s  were  o bs erved  and c o l l e c t e d  t o  d e t e r m in e  t h e i r  p o s s i b l e  
I n f l u e n c e  as a g e n ts  o f  d i s p e r s a l  and p r e d a t i o n .  P r o c t o r  and Malone  
( 1 9 6 5 ) de m o n s tra te d  t h a t  b i r d s  co u ld  pass v i a b l e  d is s e m in u le s  o f  
s e v e r a l  c r u s t a c e a n s  in t h e  f e c e s .  In t r o d u c e d  t r o u t  have been r e p o r t e d  
t o  d e p l e t e  p o p u la t i o n s  o f  l a r g e  Diaptomus in  an Idaho Lake (Rabe,  
1968a ) .
Few v e r t e b r a t e s  were a s s o c i a t e d  w i t h  th e  l a k e s .  Large  f ro g s  
a t  t h e  Anthus Pond o u t l e t ,  p i p i t s  n e a r  t h a t  l a k e ,  s p o t te d  s a n d p i p e r s ,  
w a t e r  o u z e l s ,  and mule d e e r  were  th e  o n l y  s p e c ie s  seen.  No f i s h  were  
in  any l a k e ;  t h e i r  a s c e n t  f rom Swamp Creek  has been b locked  by a s i x  
hundred f o o t  w a t e r f a l l  a t  th e  edge o f  the  hanging  v a l l e y .  No t r o u t  
have e v e r  been p l a n t e d  In t h e  v a l l e y  (U .S .  F o r e s t  S e r v i c e ) .
I n v e r t e b r a t e s  were  more f r e q u e n t  w i t h  th e  n o t a b l e  absence o f  
some e x p e c t e d  g ro u p s .  N e i t h e r  g a s t ro p o d s  nor  pe lecypods  were c o l l e c t e d  
f rom  any la k e  o r  s t r e a m .  S c a t t e r e d  f l a t w o r m s  and f l a t w o r m  cocoons  
w ere  n o ted  on o v e r t u r n e d  rocks  arid lo g s .  I n s e c t s  were more abundant .
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L a r v a e  o f  t h e  n e u r o p t e r a n ,  S la  1 i s , were  c o l l e c t e d  beneath  lo g s ;  
b a e t l n e  m a y f l i e s  emerged d u r i n g  mid J u l y ;  o t h e r  m a y f ly  nymphs were seen 
d u r i n g  t h e  summer; smal l  a q u a t i c  b e e t l e s  w ere  common nea r  shore ;  one 
sm al l  d r a g o n f l y  n a ia d  was c o l l e c t e d ;  s e v e r a l  s p e c ie s  o f  c a d d i c e f l i e s  
w ere  p r e s e n t  in  each l a k e ;  smal l  d i p t e r a n  l a r v a e  o c c a s i o n a l l y  o c c u r re d  
in t h e  p l a n k t o n  o f  t h e  s m a l l e r  l a k e s ;  a few g e r r i d s  were th e  o n l y  
Hemi p t e r a .
Because no f i s h  were  p r e s e n t ,  p r e d a t i o n  was thought  t o  be 
m i n i m a l .  The p r e d a c io u s  i n v e r t e b r a t e s ,  e x c e p t  th e  b e e t l e s ,  were  
r e s t r i c t e d  t o  t h e  bot tom  by t h e  absence o f  a q u a t i c  p l a n t s  among which  
t o  h i d e .
B i r d s  may be th e  most i n f l u e n t i a l  o f  th e  a s s o c i a t e d  s p e c ie s .  
They may d i s p e r s e  forms f rom  la k e  t o  la k e  o r  b r i n g  new s p e c ie s  t o  the  
v a l l e y .
The c o m b in a t io n  o f  p h y s ic a l  f e a t u r e s ,  w a t e r  c h e m i s t r y ,  and 
a q u a t i c  o rgan ism s p e r m i t  i n c l u s i o n  o f  t h e  Grave Peak Lakes in  p r e v io u s  
c l a s s i f i c a t i o n  schemes. C l a s s i f i c a t i o n  as a l p i n e  lakes  a c c o r d in g  to  
Dodds ( 1917 ) is  c o m p le t e .  Welch ( 1 9 4 8 ,  p.  344 )  p r e s e n ts  a s u c c in c t  
resume o f  l a k e  t y p e s .  Though none o f  t h e  l a k e s  on Grave Peak e x a c t l y  
f i t  any t y p e ,  a l l  a r e  b e s t  d e s c r ib e d  as o l i g o t r o p h i c  l a k e s .
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CHAPTER V 
THE ZOOPLANKTON
A l p i n e  l a k e s  a r e  c h a r a c t e r i z e d  by s im p le  p l a n k t o n  communit ies  
y e t  t h e  common p l a n k t o n i c  o r d e r s  a r e  u s u a l l y  r e p r e s e n t e d .  R o t i f e r s  
and t h e  c r u s t a c e a n  s u b o rd e rs  Copepoda and C la d o c e ra  a r e  r e p r e s e n t e d  in 
each o f  t h e  Grave Peak Lakes .  Though numbers o f  s p e c ie s  and o f  
i n d i v i d u a l s  a r e  s m a l l ,  s e v e r a l  unusual  and i n t e r e s t i n g  a s s o c i a t i o n s  
a r e  a p p a r e n t  in th e  i n d i v i d u a l  l a k e s  and among th e  t h r e e  l a k e s .  The 
a s s o c i a t i o n s  w i l l  be d is c u s s e d  a f t e r  each s p e c ie s  w i t h  i t s  p e c u l i a r  
h a b i t s ,  p r e f e r e n c e s ,  seasona l  o c c u r r e n c e s ,  and p r e v i o u s l y  d e s c r ib e d  
d i s t r i b u t i o n  is  p r e s e n t e d .  See T a b le  2 f o r  th e  o c c u r re n c e  o f  s p e c ie s .
S e v e r a l  o l d e r  a r t i c l e s  ( F o r b e s ,  1893;  C a r l ,  1940)  i d e n t i f i e d  
p a r t i c u l a r  s p e c ie s  t h a t  have s i n c e  been r e d e s c r ib e d  o r  reduced to  
synonymy. Where such r e v i s i o n s  have o c c u r r e d ,  th e  most r e c e n t  
c l a s s i f i c a t i o n  has been f o l l o w e d  ( W i l s o n ,  1953,  1966;  Brooks,  1957;  : 
Edmondson, 1 9 6 6 ) .  Most r e f e r e n c e s  c i t e d  be low have been r e c o g n iz e d  
by c u r r e n t  a u t h o r i t i e s  who have s t u d i e d  th e  c o l l e c t i o n s .  R e fe re n ces  
t o  m o n o ty p ic  genera  as Polyphemus o r  to  genera  w i t h  g e o g r a p h i c a l l y  
i s o l a t e d  s p e c ie s  as Hoi oped i um have been c o n s id e r e d  p r o p e r l y  i d e n t i f i e d
R e s i s t a n t  o r  r e s t i n g  eggs o f  t h e  s e v e r a l  z o o p l a n k t e r s  a r e  
m e n t io n e d .  Such eggs a r e  c a p a b l e  o f  s u r v i v i n g  c e r t a i n  e n v i ro n m e n ta l  
s t r e s s e s .  R e s t in g  eggs have t h i c k e r  s h e l l s  than  s u b i tan eo u s  eggs and
40
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TABLE 2
ZOOPLANKTON OF THE GRAVE PEAK LAKES 
OCCURRENCE DURING SUMMER I9&9
Rot i f e r a  ;
T r î c h o t r ia  sp.
Lecane sp.
M onos ty lA  sp.
Lake
Anthus  
Grave  
Gent i an
Anthus  
Grave  
Gent i an
Anthus  
Grave  
Gent I an
Anthus
Conoch i 1 us un i corn  Is  Grave
G e n t ia n
C1a d o c e r a ;
Anthus
Polyphemus p e d I c u 1 us Grave
Holopedium g ibfaerum 
Daphn ia  rosea  
Chydorus s p h a e r i eus
A I ona a f f I n i s
C o p e p o d a :
Diaptomus shoshone
Diaptomus t y r r e i 1 j
21 28 
J u l y
G e n t ia n  X
Anthus
Grave
G e n t ia n
Anthus
Grave
G e n t ia n
Anthus
Grave
G e n t ia n
Anthus
Grave
G e n t ia n
Anthus
Grave
G e n t ia n
Anthus
Grave
G e n t ia n
X
X
X
X
X
X
X
X
X
X
11 18 
August
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
25 1 8 15
  September
X
X
X X 
X
X X 
X X
X X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
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may be formed by d i f f e r e n t  p r o c e s s e s .  Development may beg in  im m e d ia te ly  
w i t h  a d is p a u s e  d u r i n g  t im e s  o f  s t r e s s  o r  be i n i t i a t e d  by c e r t a i n  
e n v i r o n m e n t a l  i n f l u e n c e s  ( H u t c h in s o n ,  1967;  Brooks,  1 9 5 7 ) .  R e s i s t a n t  
eggs o f  Daphnia  a r e  r e s t r i c t e d  In  number and en c lo s e d  in a s p e c i a l i z e d  
case  o r  e p h ip p iu m ;  o t h e r  c la d o c e r a n s  r e l e a s e  r e s t i n g  eggs w i t h  or  
w i t h o u t  a p r o t e c t i v e  c a s e .  Such eggs may s u r v i v e  d r y i n g ,  f r e e z i n g ,  and 
e x t r e m e  c o l d .  R e s t i n g  eggs o f  c a l a n o i d  copepods s u r v i v e  ex tended p e r io d s  
o f  c o l d  t e m p e r a t u r e ,  b u t  r e s i s t a n c e  to  d r y i n g  has not  been a d e q u a t e l y  
d e m o n s tra te d  ( H u t c h i n s o n ,  1 9 6 7 ) .
Rot i f e r a
Specimens o f  t h e  gen era  T r i c h o t r l a , L ec an e , and M onosty la  were  
unusual  in  t h e  p l a n k t o n  samples ( T a b le  2 . ) ,  Edmondson (1966 )  suggested  
t h e  t h r e e  gen era  t o  be l i t t o r a l  o r g a n is m s .  Many M on o s ty la  were found  
in  a bot tom  sample f rom Anthus Pond. L i t t o r a l  s p e c ie s  have o f t e n  been 
n oted  in th e  p l a n k t o n  c o l l e c t i o n s  from s h a l lo w  la k e s  ( R u t t n e r ,  1 9 6 3 ) .  
Pennak (1 9 5 5 a )  found M o n o s ty la  l u n a r i s  as an o c c a s i o n a l  p l a n k t e r  and 
d e s c r i b e d  T r i c h o t r l a  t e t r a c t i s  as a s p e c ie s  o f  th e  s u b s t r a t e  in s e v e r a l  
C o lo r a d o  m ounta in  l a k e s .
The c o l o n i a l  r o t i f e r  Conochi lu s  u n i c o r n i s  R o u s s e le t  co u ld  be 
seen in  t h e  n e a r  shore  w a t e r  o f  Grave Lake .  Numerous l a r g e  c o l o n i e s  
o n e - e i g h t h  inch a c ro s s  and i n v e s t e d  w i t h  a cop ious  m u c i la g e  were  
c o l l e c t e d  in  t h e  p l a n k t o n  th r o u g h o u t  t h e  summer. A few c o l o n i e s  o f  
t e n  t o  t w e n t y - f i v e  i n d i v i d u a l s  were ta k e n  from G e n t ia n  Pool on t h r e e  
d a t e s  ( T a b l e  2 ) .  Those c o l o n i e s  may have washed down from Grave Lake.  
The swimming a c t i o n  o f  a c o lo n y  is  e r r a t i c ;  th e y  p o s s i b l y  cou ld  not  
a v o id  th e  s p i l l w a y  o f  th e  upper  l a k e .  R u t t n e r  ( 1 9 6 3 )  r e p o r t e d  an 
i n f e c t i o n  by the  sporozoan P I i s t o p h o r a  to  d e s t r o y  a l a r g e  p o p u l a t i o n
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o f  t h i s  s p e c ie s  in  th e  Lunzer  U n t e r s e e .  The poor c o n d i t i o n  o f  G en t ian  
Pool c o l o n i e s  may have r e f l e c t e d  a s i m i l a r  i n f e c t i o n  though none was 
i d e n t i f i e d .  C o lo n ie s  in  Grave Lake c o n ta in e d  as many as s i x t y  
i n d i v i d u a l s ;  th e  o r a n g e - p i n k  c o l o r  and g e l a t i n o u s  c o v e r in g  were more 
promi n e n t .
C o n o c h i1 us is  a microphagous s p e c ie s  o f  th e  t r u e  p la n k t o n ;  
i t  f e e d s  on o r g a n i c  d e t r i t u s  s m a l l e r  than ten  m icrons d ia m e t e r  
( H u t c h i n s o n ,  1 9 6 7 ) .  Pennak (1 9 5 5 a )  d e s c r ib e s  I t  as a y e a r  round s p e c ie s  
most abundant  in l a r g e  la k e s  d u r i n g  summer; Pennak (1949 )  c o l l e c t e d  
i t  f rom  o n l y  one o f  seven C o lo ra d o  r e s e r v o i r  l a k e s .  Forbes (1893 )  
found g r e a t  numbers o f  c o l o n i e s  in l a t e  summer in Y e l lo w s to n e  Lake,  
Y e l l o w s t o n e  N a t i o n a l  P a r k .  P a r r ,  Rabe, and Wissmar (1968 )  c o l l e c t e d  
i t  f rom  e i g h t  o f  te n  s u b a lp in e  t r o u t  l a k e s  in n o r t h e r n  Idaho.  In 
Grave Lake th e  s p e c ie s  was most abundant  d u r in g  August and became less  
so as t h e  s u r f a c e  w a t e r  t e m p e r a t u r e s  c o o le d .
C1adocera
The c la d o c e r a n  c r u s t a c e a n s  a r e  p r i m a r i l y  c o n f in e d  t o  f r e s h w a t e r  
h a b i t a t s .  C la d o c e ra  and c a l a n o i d  copepods com pr ise  th e  g r e a t e s t  q u a n t i t y  
o f  t h e  f r e s h w a t e r  z o o p la n k t o n .  The daphn ids  a r e  the  most common o f  
th e  p e l a g i c  s p e c ie s .  The Grave Peak Lakes have a c o n s i d e r a b l e  v a r i e t y  
o f  C l a d o c e r a ;  c o s m o p o l i t a n  and h o l a r c t i c  s p e c ie s  o c c u r  t o g e t h e r .
Polyphemus p e d ic u iu s  ( L in n e )  is  one o f  few p red a c io u s  c la d o c e ra n s  
In t h e  n o r t h  t e m p e r a te  r e g i o n .  U s u a l l y  an i n h a b i t a n t  o f  ponds, i t  is 
c o n s id e r e d  t o  be most o f t e n  l i t t o r a l  but  c o n s i s t e n t l y  p l a n k t o n i c  
( H u t c h i n s o n ,  1 9 6 7 ) .  Tappa (1965 )  d e s c r i b e s  i t  as an unusual form in 
t h e  deep w a t e r  community .
T h i s  s p e c ie s  was c o l l e c t e d  from the  two s m a l l e r  l a k e s ;  none
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w ere  ta k e n  f rom Grave  Lake .  E a r l y  season c o l l e c t i o n s  from G e n t ia n  
Pool c o n t a i n e d  a m a j o r i t y  o f  Polyphemus p e d i c u i u s . In September few  
specimens w ere  c o l l e c t e d  and none were seen a lo n g  s h o re .  F i r s t  
specimens were  c o l l e c t e d  f rom Anthus Pond on 4 A u gus t ,  1969.  Never  
w ere  more than  tw e n ty  g a t h e r e d  in a s i n g l e  one hundred f o o t  p l a n k t o n  
h a u l .  The s p e c ie s  can form r e s i s t a n t  egg s ,  and the  e a r l y  p o p u la t i o n  
in Anthus Pond p r o b a b ly  hatched from such eggs.  I n d i v i d u a l s  In G e n t ia n  
Pool may have o v e r w i n t e r e d  as a d u l t s  o r  may have emerged from r e s t i n g  
e g g s .
Holopedium g ibberum  Zaddach o c c u r re d  o n l y  in Grave Lake;  i t  was 
n ot  p r e s e n t  w i t h  Polyphemus p e d i c u i u s . Hu tch inson (1967 )  d e s c r ib e d  i t  
as a z o o p l a n k t e r  o f  c o o l ,  h o l a r c t i c ,  c a lc iu m  d e f i c i e n t ,  s o f t  w a t e r  l a k e s ,  
y e t  i t  has been c o l l e c t e d  from la k e s  w i t h  v e r y  d i f f e r e n t  w a t e r  c h e m i s t r y .
Ho loped i urn can produce r e s t i n g  eggs n e i t h e r  r e s t r i c t e d  In number 
nor c o n f i n e d  to  e p h i p p i a .  Many young h a tch  in deep w a t e r  a t  the  t im e  
o f  s p r i n g  c i r c u l a t i o n .  T h i s  l i f e  h i s t o r y  (H u tc h in s o n ,  I 9 6 7 ) e x p l a i n e d  
th e  4 August  c o l l e c t i o n  o f  young i n d i v i d u a l s  and th e  f i r s t  c o l l e c t i o n  
o f  egg b e a r i n g  a d u l t s  on 1 September .  A p p a r e n t l y  no I 968  a d u l t s  o v e r ­
w i n t e r e d  be low i c e .  A s i n g l e  fe m a le  w i t h  young in th e  brood pouch was 
o bs erved  1 September .  At  l e a s t  two g e n e r a t i o n s  were p r e s e n t  in the  
l a k e  d u r i n g  1969,  A d u l t s  c o l l e c t e d  15 September h e ld  eggs in t h e i r  
brood pouches.
Hoi oped i urn has been c o l l e c t e d  from a c o n s i d e r a b l e  a re a  in the  
Rocky M o u n ta in s .  P a r r ,  Rabe, and Wissmar ( I 9 6 8 ) found i t  in s e v e r a l  
Idaho  l a k e s .  Rawson (1942 )  d e s c r ib e d  Holopedium gibberum as the  
dom inan t  c la d o c e r a n  o f  open w a t e r  in Amethyst  Lake,  A l b e r t a .  Forbes  
( 1 8 9 3 ) c o l l e c t e d  I t  w i t h  Diaptomus shoshone, a s m a l l e r  spe c ie s  o f
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D îa p t o m u s , and Conochi lus  u n i c o r n i s  In Lewis Lake,  Y e l lo w s to n e  N a t i o n a l  
P a r k .  Ward (1904 )  c o l l e c t e d  i t  n e a r  P i k e ' s  Peak,  C o lo rad o ,  but  Shantz  
( 1 9 0 7 ) d id  n o t  m ent ion  i t  in c o l l e c t i o n s  from th e  same a r e a .
Daphnia  rosea  Sars  emend. R icha rd  was th e  o n l y  d a p h n id ,  and i t  
was found o n l y  in  G e n t ia n  P o o l .  Brooks (1957 )  ment ioned i t  as a s m a l l ,  
p i n k i s h ,  h o l a r c t i c  s p e c ie s  common to  smal l  ponds and mountain  l a k e s .
The s p e c ie s  has been much con fused  in the  l i t e r a t u r e .  In w e s te rn  
Am erica  Forbes (1893 )  has l e f t  one o f  the  few t r a c e a b l e  d e s c r i p t i o n s  
a s s o c i a t e d  w i t h  c o l l e c t i o n s .  He d e s c r ib e d  Daphnia d e n t i f e r a  from a 
smal l  pool in Y e l l o w s t o n e  N a t i o n a l  P a rk .
Though specimens were n o t  c o l l e c t e d  u n t i l  18 August ,  1969,  both  
immature and l a r g e  a d u l t  fe m a le s  were then c o l l e c t e d  t o g e t h e r .  The 
l a r g e  i n d i v i d u a l s  were p r o b a b ly  s u r v i v o r s  from th e  p r e v io u s  y e a r  and 
p a r e n t s  o f  some young f e m a le s .  Some young i n d i v i d u a l s  may have been 
e x e p h i p p i a l  f e m a le s .  L a r g e r  specimens were no t  c o l l e c t e d  a f t e r  
1 S e p te m b er ,  I 9 6 9 .
The sudden o c c u r r e n c e  o f  a d u l t  and immature Daphnia rosea  
sug gested  s e v e r a l  p o s s i b i l i t i e s .  T ha t  fem a le s  from 1968  m ight  have 
s u r v i v e d  t h e  w i n t e r  in d eep ,  u n f r o z e n  w a t e r  m a in ta in e d  by th e  i n f l o w  
f rom  Grave Lake seemed most p r o b a b l e .  These fem a le s  cou ld  have produced  
e a r l y  broods as soon as t h e  s p r i n g  thaw began. The e n t i r e  p o p u la t i o n  
may have remained in th e  d e e p e s t  w a t e r  and n o t  have d is p e r s e d  u n t i l  food  
became l i m i t i n g  o r  o t h e r  f a c t o r s  n e c e s s i t a t e d  e m i g r a t i o n .  By rem ain in g  
in  deep w a t e r  th e  o l d  f e m a le s  lessened  th e  p r o b a b i l i t y  o f  t h e i r  be ing  
f l u s h e d  from th e  l a k e  by s p r i n g  snow w a t e r .
D u r in g  summer 1969 e p h i p p i a l  fem a le s  were c o l l e c t e d .  T h is  
i n d i c a t e d  t h e  p rese n ce  o f  males though none were i d e n t i f i e d .  The
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p r e s e n c e  o f  e p h i p p i a l  fe m a le s  in 1969 suggested t h a t  e x e p h i p p ia l  
f e m a le s  m ig h t  have emerged f rom e p h i p p i a  produced by th e  1968 o r  e a r l i e r  
p o p u l a t i o n s .  No o l d  e p h i p p i a  were c o l l e c t e d ,  nor  cou ld  e x e p h i p p ia l  
f e m a le s  be d i s t i n g u i s h e d  from p a r t h e n o g e n e t i c  f e m a le s .
The a b i l i t y  o f  Daphnia rosea t o  o v e r w i n t e r  as a d u l t s ,  t o  d e v e lo p  
m a le s ,  and t o  produce e p h i p p i a  has in c re a s e d  th e  p r o b a b i l i t y  o f  c o n t in u e d  
success in G e n t ia n  P o o l .  D u r in g  a s h o r t ,  c o ld  summer males produced  
by t h e  o v e r w i n t e r i n g  fe m a le s  m ig h t  im m e d ia te ly  f e r t i l i z e  mature  
e x e p h i p p i a l  f e m a le s ;  o l d  fem a le s  m ig h t  mate w i t h  t h e i r  own male o f f s p r i n g  
A s i m i l a r  mechanism f o r  r a p i d  development  o f  e p h ip p i a  was d e s c r ib e d  
(Edmondson, 1955) f o r  Daphnia p u le x  te n e b ro s a  (now Daphn ia  
m i d d e n d o r f f i a n a ; Brooks ,  1 9 5 7 ) .  In c e r t a i n  a r c t i c  p o p u la t i o n s  mature  
e x e p h i p p i a l  f e m a le s  c o u ld  produce p a r t h e n o g e n e t i c  e p h i p p i a l  eggs as a 
f i r s t  brood and so e n s u re  a g e n e r a t i o n  d u r in g  the  f o l l o w i n g  y e a r .  The 
two mechanisms p r o v i d e  f o r  p o p u l a t i o n s  in f u t u r e  y e a rs  a t  th e  expense  
o f  l a r g e  p o p u l a t i o n s  d u r i n g  th e  y e a r  o f  e p h i p p i a l  p r o d u c t i o n .
Chydorus s p h a e r ic u s  (O. F. M u l l e r )  and A lona a f f l n i s  (L e y d lg )  
a r e  common and abundant  s p e c i e s .  Chydorus s p h a e r ic u s  is th e  commonest 
o f  a l l  c la d o c e r a n s  and is  c o s m o p o l i ta n  in d i s t r i b u t i o n ;  A lona a f f i n i s  
is  abundant  on t h e  N o r th  American c o n t i n e n t  (Brooks ,  1 9 6 6 ) .  Both 
s p e c ie s  a r e  l i t t o r a l  o rgan ism s t h a t  may s t r a y  i n t o  open w a t e r .  Chydorus  
s p h a e r Îeus  %s p e r e n n i a l  in th e  l i t t o r a l  zone though o f t e n  p l a n k t o n i c  
d u r i n g  l a t e  summer b l u e - g r e e n  a l g a  blooms ( H u tc h in s o n ,  196?) .
Dodds ( 191 7 ) found both  s p e c ie s  In p l a i n s  and a l p i n e  l a k e s .
Q.uade ( I 9 6 9 ) found A lona a f f i n i s  n e i t h e r  r e s t r i c t e d  t o  p a r t i c u l a r  types  
o f  l a k e s  nor  to  c e r t a i n  a q u a t i c  p l a n t s .  He noted g r e a t e s t  d e n s i t i e s  
o f  Chydorus s p h a e r ic u s  among Chara p l a n t s ,  but  he suggested the  s p e c ie s
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n o t  be r e s t r i c t e d  t o  any one h a b i t a t .
O n ly  two A lona  a f f i n i s  were c o l l e c t e d  f rom G e n t ia n  P o o l .
The seasona l  o c c u r r e n c e  o f  Chydorus s p h a e r ic u s  in th e  Grave Peak 
Lakes ( T a b l e  2)  f o l l o w e d  th e  p a t t e r n  suggested above.  No b l u e - g r e e n  
bloom d e v e lo p e d ,  but  i n d i v i d u a l s  were f i r s t  c o l l e c t e d  in the  s m a l l e s t  
l a k e  and l a s t  no ted  in th e  l a r g e s t .  Perhaps i n d i v i d u a l s  became p l a n k ­
t o n i c  o n l y  when l i t t o r a l  p o p u l a t i o n s  a t t a i n e d  a c e r t a i n  d e n s i t y .  No 
i n v e s t i g a t i o n  o f  l i t t o r a l  p o p u l a t i o n s  was conducted in any o f  the  
l a k e s .  Though o r i g i n a t i n g  f rom  l i t t o r a l  p o p u la t i o n s  o f  s i m i l a r  d e n s i t y ,  
th e  p l a n k t o n i c  p o p u l a t i o n s  would have been more c o n c e n t r a te d  and more 
o f t e n  c o l l e c t e d  in Anthus Pond than an equal  number o f  i n d i v i d u a l s  
s c a t t e r e d  in the  g r e a t e r  volume o f  Grave Lake.  Only  as the  p la n k to n  
p o p u l a t i o n s  in c r e a s e d  m ig h t  c o l l e c t i o n s  be exp ec ted  in G e n t ia n  Pool and 
then  in Grave Lake. Though c o n c e n t r a t i o n  in Anthus Pond reached t w e n ty -  
f i v e  i n d i v i d u a l s  pe r  n e t  haul on 8 September ,  not  more than f i v e  were  
t a k e n  in any s i n g l e  c o l l e c t i o n  f rom Grave Lake.  Ten i n d i v i d u a l s  were  
g a t h e r e d  In one haul f rom G e n t ia n  Pool on 8 September.
Copepoda
Though the  t h r e e  su b o rd ers  o f  f r e e l i v i n g  f r e s h w a t e r  Copepoda 
were r e p r e s e n t e d  in th e  Grave Peak Lakes,  o n l y  th e  C a la n o id a  w i l l  be 
c o n s i d e r e d .  H a r p a c t i c o i d  copepods were c o l l e c t e d  o n l y  in bottom samples;  
c y c l o p o i d  copepods were c o l l e c t e d  in bottom samples and when the  net  
bumped bottom in Anthus Pond. No C a la n o id a  were c o l l e c t e d  in Anthus  
Pond.
Many f r e s h w a t e r  c a l a n o i d s  a r e  f i l t e r  f e e d e r s .  The l a r g e r  and 
b r i g h t l y  c o l o r e d  s p e c ie s  can o f t e n  be n o t i c e d  swimming in v e r n a l  poo ls  
o r  in s u r f a c e  w a te r s  o f  l a r g e r  l a k e s .  The f a m i l y  D iap tom idae  is
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c h a r a c t e r i s t i c  o f  f r e s h w a t e r  p l a n k t o n ;  t h e  genus DIaptomus Is  v e r y  
common and d i v e r s e .
Diaptomus shoshone Forbes was c o l l e c t e d  from Grave Lake in 
q u a n t i t y ,  and a s i n g l e  male was ta k e n  from G en t ian  P o o l .  The G en t ian  
Pool specimen was n o t i c e d  in  t h e  s h a l l o w  w a t e r  o f  the  I n l e t  where  
o t h e r  En tom os traca  were n e v e r  seen;  p r o b a b ly  I t  had been washed down 
f rom  Grave Lake .  T h is  l a r g e ,  c r a n b e r r y  red copepod was p r e s e n t  In 
Grave Lake t h r o u g h o u t  th e  summer. F i f t h  copepodI te s  were c o l l e c t e d  
d u r i n g  t h e  e a r l y  season;  th e  f i r s t  a d u l t s  were taken  20 J u l y ,  I 9 6 9 . 
M ales  and fe m a le s  were found th rough  15 September;  fem a le s  w i t h  egg 
cases were  f i r s t  c o l l e c t e d  18 A ugust .  Empty a d u l t  e x o s k e le t o n s  were  
noted  on and a f t e r  1 Septem ber .  The rec o rd s  o f  Shantz  (1907 )  were  
p a r t i c u l a r l y  i n t e r e s t i n g .  On 20 May, 1904 ,  he found " l a r v a e "  o f  
Diaptomus shoshone In a pond n e a r  P i k e ' s  Peak,  C o lo ra d o .  These were  
f u l l y  m atured  by 12 J u l y .  The p o p u l a t i o n  was s l i g h t l y  reduced In 
number by 26 August  and n e a r l y  a b s e n t  on 4 O c to b e r ,  1904.
The o t h e r  c a l a n o i d  was Diaptomus t y r r e l 1 I Poppe, T h is  s m a l l ,  
o r a n g e - r e d  s p e c ie s  was th e  most abundant  z o o p l a n k t e r  In Grave Lake 
and G e n t ia n  P o o l ,  The s p e c ie s  has n o t  o f t e n  been ment ioned In th e  
l i t e r a t u r e ;  th e  subgenus Lep tod iap tom us  has many s i m i l a r  small  s p e c ie s  
known f rom  C o lo ra d o  t o  A l a s k a .  In a r e c e n t  a r t i c l e  M i l l e r  and Rabe 
( 1 9 6 9 ) c o l l e c t e d  Diaptomus t y r r e l 1 I in a r e s e r v o i r  a t  5210 f e e t  
e l e v a t i o n .  I t  was c o l l e c t e d  o n l y  d u r i n g  th e  summer in t h a t  Idaho Lake.
No a l t l t u d l n a l  p r e f e r e n c e  has been suggested f o r  t h i s  s p e c ie s .  
W ils o n  ( 1966 ) no ted  I t s  d i s t r i b u t i o n  In th e  Rocky M ounta ins  t o  t h e  west  
c o a s t  and ac ro s s  n o r t h e r n  Canada t o  L a b ra d o r .
A d u l t s  were  f i r s t  c o l l e c t e d  In Grave Lake 18 August .  Females
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c a r r i e d  eggs on t h a t  d a t e ;  egg b e a r i n g  f e m a le s  were  c o l l e c t e d  d u r in g  
t h e  s e v e r a l  weeks u n t i l  t h e  s tu d y  was t e r m i n a t e d .
The f i r s t  c o p e p o d i t e s  r e c o g n iz e d  as Diaptomus t y r r e l 1 i were  
c o l l e c t e d  f rom G e n t ia n  Pool 28 J u l y .  A few a d u l t s  were  c o l l e c t e d  
18 A u g u s t ;  no egg b e a r i n g  f e m a le s  were c a p tu r e d  u n t i l  1 September.
A d u l t s  w e re  a b u n d a n t  on 25 A u g u s t .  No p o p u l a t i o n  d e c r e a s e  was n o te d  
i n  G e n t i a n  Poo l  t h o u g h  some dead a d u l t s  w e re  c o l l e c t e d  15 S e p te m b e r .
The s im u l ta n e o u s  o c c u r r e n c e  o f  two s p e c ie s  o f  a s i n g l e  genus 
in  a p a r t i c u l a r  a q u a t i c  h a b i t a t  has been d iscus sed  by E l t o n  ( 1 9 4 6 ) ,  
H u tc h in s o n  (1 9 5 1 ,  1 9 6 7 ) ,  Pennak ( 1 9 5 7 ) ,  Brooks ( 1 9 5 7 ) ,  and Tappa ( 1 9 6 5 ) .  
Pennak ( 1 9 5 7 )  suggested  any a s s o c i a t i o n  o f  two 0 Î aptomus to  be 
I r r e c o n c i l a b l e  because th e  s p e c ie s  would be in  e f f e c t i v e  and in te n s e  
e c o l o g i c a l  c o m p e t i t i o n ,  H u tc h in s o n  (1951 )  t h e o r i z e d  t h a t  g r e a t  s i z e  
d i f f e r e n c e  c o u ld  a c c o u n t  f o r  d i f f e r e n t  s e l e c t i v i t y  o f  food and lessen  
i n t e r s p e c i f i c  c o m p e t i t i o n .  He conc luded  (1 9 6 7 ,  p.  680)  t h a t ,
I t  is  q u i t e  e v i d e n t  t h a t  w i t h i n  th e  C a la n o id a  as a w h o le ,  
o r  even w i t h i n  a s i n g l e  f a m i l y  such as th e  D ia p to m id a e ,  t h e r e  
a r e  l i k e l y  t o  be smal l  d i f f e r e n c e s  in  f e e d i n g  h a b i t s  from 
s p e c ie s  to  s p e c i e s ,  dependent  on s i z e  o r  in some cases  
s t r u c t u r a l  d i f f e r e n c e s ,  p a r t i c u l a r l y  in  t h e  m a x l l l i p e d s ,  and 
a l s o  on th e  r a t e s  o f  movement o f  th e  a n t e n n a e ,  th e  p o s tu r e  
o f  t h e  t r o p h i ,  and o t h e r  p u r e l y  p h y s i o l o g i c a l  o r  b e h a v i o r a l  
c h a r a c t e r s .  These d i f f e r e n c e s ,  though so l i t t l e  i n v e s t i g a t e d ,  
a r e  j u s t  w e l l  enough known t o  sug gest  t h a t  two spe c ie s  o f  
C a l a n o i d a ,  though o c c u p y in g  t h e  same volume o f  w a t e r ,  a r e  
by no means n e c e s s a r i l y  l i v i n g  in th e  same n i c h e .
S i z e  was t h e  m o s t  o b v i o u s  d i f f e r e n c e  be tw e e n  t h e  D ia p to m u s  s p e c i e s  in
G ra v e  L a k e .  D ia p to m u s  s h o s h o n e  ( 3 . 5  mm , 3 . 0  mm ) a v e r a g e d  t w i c e  as
l a r g e  as Diaptomus t y r r e l I I  ( 1 . 6  mm , 1 . 4  mm ) .
In  t h e  few in s t a n c e s  where Pennak (1957 )  d id  f i n d  more than  
one s p e c ie s  o f  any genus,  one was tw e n ty  o r  more t im e s  as abundant  as 
th e  o t h e r .  To p e r m i t  comparison w i t h  Grave Lake a l l  copepods c o l l e c t e d
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18 August  and 15 Sep tem b er ,  1969 ,  were  c o u n te d .  C o l l e c t i o n s  were not  
i n te n d e d  f o r  q u a n t i t a t i v e  a n a l y s i s ,  y e t  r e l a t i v e  abundances were  
a p p a r e n t .  DÎ aptomus t y r r e l 1 1 was more abundant  than Diaptomus shoshone  
in  bo th  c o l l e c t i o n s ;  r a t i o s  were  7 : 2  on 18 August  and 8:1  on 
15 S e p te m b er .  M rs .  M i l d r e d  S. W i l s o n ,  an a u t h o r i t y  on N o r th  American  
C a l a n o i d a ,  was n o t  s u r p r i s e d  (p e rs o n a l  com m unicat ion)  by the  a s s o c i a t i o n  
o f  Diaptomus 1eptopus  and Diaptomus 1 i n t o n i , both o f  th e  subgenus 
A g la o d ia p t o m u s , in s e v e r a l  F l a t h e a d  v a l l e y  ponds. Forbes ( I 8 9 3 ) found  
Diaptomus shoshone w i t h  Diaptomus l i n t o n i  in  Y e l lo w s to n e  N a t i o n a l  P a rk .
I n t e r s p e c i f i c  c o m p e t i t i o n  be tween  j u v e n i l e  s t a g e s  may be more 
i m p o r t a n t  t h a n  c o m p e t i t i o n  be tw een  a d u l t s  o f  each  s p e c i e s .  An a c c o u n t  
o f  t h e  c o pe pod  f o r m s  t h a t  o c c u r r e d  d u r i n g  t h e  e n t i r e  summer season  
s u b s t a n t i a t e s  t h e  t e m p o r a l  s p e c i e s  s e p a r a t i o n  i n d i c a t e d  by t h e  d i f f e r e n t  
t i m e  o f  s e x u a l  m a t u r a t i o n  and p ea k  egg p r o d u c t i o n .  The d e s c r i p t i o n  
a l s o  s u g g e s t s  m echan ism s  f o r  y e a r l y  o c c u r r e n c e  o f  each  s p e c i e s .  The 
p o s s i b l e  r e p r o d u c t i v e  m echan ism s  w i l l  be m e n t i o n e d  f i r s t .
The European c a l a n o i d  Diaptomus v u l g a r i s  has l i v e d  as long as 
t h i r t e e n  months in c a p t i v i t y  ( H u t c h in s o n ,  1 9 6 7 ) .  Comita and Anderson  
( 1 9 5 9 ) found  Diaptomus a s h la n d i  t o  be m o n o c y c l ic  in Lake Washington  
w i t h  egg p r o d u c t i o n  between O c to b e r  and th e  f o l l o w i n g  August;  peak  
p r o d u c t i o n  o c c u r r e d  f rom J a n u a ry  t o  June.
R e s t i n g  eggs  a l l o w  y e a r l y  p o p u l a t i o n s  o f  a s p e c i e s  w i t h o u t  
y e a r l o n g  p r e s e n c e  o f  a d u l t  o r  im m a tu re  f o r m s  ( H u t c h i n s o n ,  I 9 67 ) .  A f t e r  
r e l e a s e  f r o m  t h e  f e m a l e ,  t h e  t h i c k - s h e l l e d  eggs  s i n k  t o  t h e  b o t t o m .  
D e v e lo p m e n t  i s  c o m p le t e d  when e n v i r o n m e n t a l  c o n d i t i o n s  im p r o v e .  T h i s  
m e th od  o f  r e p r o d u c t i o n  I s  common among s p e c i e s  o f  t e m p o r a r y  p o o l s  
( H u t c h i n s o n ,  1 9 6 7 ) .
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L a t e  co p e p o d ; t e s  o f  each s p e c ie s  were r e c o g n iz e d  In Grave Lake 
c o l l e c t i o n s  o f  21 J u l y ,  I 9 6 9 . Development was f o l l o w e d  through sexual  
m a t u r a t i o n  and d e a th  as i n d i c a t e d  ab o ve .  The e a r l i e r  s tages  p r o v id e  
th e  b e s t  i n d i c a t i o n  o f  tem pora l  s u c c e s s io n .
Grave  Lake c o l l e c t i o n s  o f  21 J u l y  c o n ta in e d  n a u p l i i  and e a r l y  
c o p e p o d i t e s .  A week l a t e r  l a t e  n a u p l i i  and l a t e  c o p e p o d i tes  were  
p r e s e n t .  On 4 August  few n a u p l i i  were  taken  w i t h  l i v e  c o p e p o d i te s  
and many c a s t  c o p e p o d i t e  e x u v i a e .  Though a d u l t  Diaptomus t y r r e l 1 i 
w ere  not  c o l l e c t e d  u n t i l  18 A u g u s t ,  the  p resence  o f  the  c o p e p o d i te  
e x u v i a e  suggested  t h a t  some i n d i v i d u a l s  may have matured  b e f o r e  the  
l a t e r  d a t e .  The above forms were r e f e r r e d  to  Diaptomus t y r r e l 11 ; l a t e  
c o p e p o d i t e s  o f  Diaptomus shoshone w ere  r e a d i l y  re c o g n iz e d  by l a r g e r  
s i z e  and b r i g h t e r  c o l o r .
C o l l e c t i o n s  o f  18 August  c o n ta in e d  no immature c o p e p o d i te s  
and o n l y  few  e a r l y  n a u p l i i .  A week l a t e r  n a u p l i i  were  a g a in  abundant ;  
a fe w  e a r l y  c o p e p o d i te s  w ere  c o l l e c t e d .  In 1 September c o l l e c t i o n s  
e a r l y  c o p e p o d i te s  were more common than n a u p l i i .  Two d i s t i n c t  
c o p e p o d i t e  s i z e  c l a s s e s  o c c u r re d  8 September  and 15 September .  N a u p l i i  
were n o t  c o l l e c t e d  on t h e  l a t e r  d a t e .
O ccu rren ce  o f  t h e  d i s t i n c t  c o p e p o d i te  s i z e  c la s s e s  suggested  
s e p a r a t i o n  o f  immature forms a f t e r  o n l y  t h r e e  weeks o f  d i r e c t  i n t e r ­
s p e c i f i c  c o m p e t i t i o n .  i n d i v i d u a l s  in th e  smal l  s i z e  c l a s s  ave raged  
one h a l f  t h e  s i z e  o f  a d u l t  Diaptomus t y r r e l l i . Copepod ites  in th e  
l a r g e r  s i z e  c l a s s  were n e a r l y  as l a r g e  as th e  s m a l l e s t  a d u l t  Diaptomus  
t y r r e l 1 i . H a b i tu s  c h a r a c t e r s  were u n ique  to  each s i z e  c l a s s .
I n d i v i d u a l s  i n  t h e  l a r g e  s i z e  c l a s s  l o o k e d  l i k e  s m a l l  D ia p to m u s  shoshone  
and w e re  a s s i g n e d  t o  t h a t  s p e c i e s ;  t h e  s m a l l e r  i n d i v i d u a l s  w e re  assumed
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t o  be Diaptomus t y r r e l l i , b u t  p o s i t i v e  i d e n t i f i c a t i o n  cou ld  no t  be made.
Females o f  bo th  s p e c ie s  c a r r i e d  egg sacs on 15 September ,  but  
absence  o f  p l a n k t o n i c  n a u p l i i  on t h a t  d a t e  suggested t h a t  r e s t i n g  eggs 
had been produced e a r l i e r  in  th e  season.  Hu tch inson ( I 9 6 7 ) suggested  
such e n v i r o n m e n t a l  s t i m u l i  as p h o to p e r io d  and te m p e r a t u r e  to  i n f l u e n c e  
r e s t i n g  egg p r o d u c t i o n .  S u r f a c e  w a t e r  t e m p e r a t u r e  began to  d e c l i n e  
r a p i d l y  a f t e r  25 A u g u s t .  T e m p e ra tu re  seemed to  be th e  most obv ious  
and e a s i l y  measured e n v i r o n m e n ta l  s t im u lu s  in the  Grave Peak Lakes.
No c h e m ica l  changes o f  l a k e  w a t e r  were n o te d .
The s l i g h t  tem pora l  s e p a r a t i o n  o f  a d u l t  m a t u r a t i o n  is  a 
c h r o n o l o g i c a l  I n d i c a t i o n  o f  th e  u n ique  n ic h e  occup ied  by n a u p l i i .
Rapid  d i f f e r e n t i a t i o n  o f  c o p e p o d i t e  s i z e  c l a s s e s  and d i f f e r e n t  h a b i t u s  
c h a r a c t e r s  sug gest  t h a t  a c t u a l  c o m p e t i t i o n  between th e  two d ia p to m id s  
i s  m in im a l  in Grave Lake t h r o u g h o u t  t h e  l i f e  c y c l e  o f  each s p e c ie s .
O c c u rren ce  o f  l a t e  c o p e p o d i te s  o f  each s p e c ie s  d u r in g  J u l y  
i n d i c a t e d  t h a t  p o p u l a t i o n s  may have w i n t e r e d  beneath  th e  i c e .  The small  
p l a n k t o n i c  c o p e p o d i te s  p r e s e n t  15 Septem ber ,  1969,  cou ld  not  have 
m atured  f o r  many weeks.  C o pep o d i tes  o f  both s p e c ie s  were  much s m a l l e r  
than  t h e  c o p e p o d i te s  c o l l e c t e d  2 1 ,  J u l y .  The September 1969 c o p e p o d i te s  
may c o m p r is e  th e  a d u l t  p o p u l a t i o n  d u r i n g  summer 1970.  The f u t u r e  
p r e s e n c e  o f  each s p e c ie s  has been ensured  by r e s t i n g  eggs produced  
d u r i n g  Septem ber .
The f a t e  o f  r e s t i n g  eggs In th e  prese nce  o f  c o p e p o d i te s  is
u n c e r t a i n .  i t  may be e x p l a i n e d  by c o n s i d e r a t i o n  o f  Diaptomus t y r r e l 1 i
in  G e n t ia n  P o o l .
O n ly  c o p e p o d i te  n a u p l i i  were  g a t h e r e d  21 J u l y  f rom G e n t ia n  P o o l .
On 28  J u l y  a few n a u p l i i ,  sm a l l  c o p e p o d i t e s ,  and c o p e p o d i te s  r e c o g n i z a b l e
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as Diaptomus t y r r e l l i  were  t a k e n .  Only  l a t e  c o p e p o d i te s  o f  t h i s  s p e c ie s  
w ere  c o l l e c t e d  4 A u g u s t ;  a d u l t s  and c o p e p o d i te  e x u v ia e  were c o l l e c t e d  
18 A u g u s t .  Egg b e a r i n g  fe m a le s  appeared  1 September,
The c o n s i d e r a b l e  i c e  c o v e r  suspected  on G e n t ia n  Pool p o s s i b l y  
d e s t r o y e d  any o v e r w i n t e r i n g  d ia p to m id  p o p u l a t i o n .  Only  r e s t i n g  eggs 
u n f r o z e n  in  bot tom  sed im ents  s u r v i v e d  t o  r e p o p u la t e  th e  l a k e .  Appearance  
o f  a d u l t s  and eggs was l a t e r  than in  Grave Lake .  The n a u p l i i  and 
c o p e p o d i te s  t h a t  o c c u r r e d  w i t h  l a t e  c o p e p o d i te s  in th e  l a r g e r  la k e  
m atured  a t  t h e  same t im e  as th e  G e n t ia n  Pool p o p u l a t i o n .  P o s s i b ly  they  
had d e v e lo p e d  from r e s t i n g  eggs and augmented the  p o p u la t i o n  o f  o v e r ­
w i n t e r i n g  c o p e p o d i t e s .
A s i m i l a r  mechanism d i d  no t  seem t o  o c c u r  in  the  Diaptomus 
shoshone p o p u l a t i o n ;  a second e a r l y  summer group o f  n a u p l i i  and 
c o p e p o d i te s  d id  n o t  d e v e lo p .  Only  s u p p o s i t i o n s  m ig h t  be made about  the  
r e s t i n g  eggs o f  Diaptomus shoshone; th e  a v a i l a b l e  e v id e n c e  does not  
w a r r a n t  i n c l u s i o n  h e r e .
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CHAPTER VI
DISCUSSION
The m echan ism s  o f  r e p r o d u c t i o n ,  ex am p les  o f  t e m p o r a l  I s o l a t i o n  
and s u c c e s s i o n ,  b l o - c h e m l c a l  and b i o - p h y s i c a l  r e l a t i o n s ,  and s p e c i e s  
a s s o c i a t i o n s  have  been m e n t i o n e d  i n  e a r l i e r  c h a p t e r s .  In  t h i s  c h a p t e r  
a mode l  z o o p l a n k t o n  c o m m u n i t y  f o r  h i g h  m o u n t a i n  l a k e s  and a r e q u e s t  
f o r  e n v i r o n m e n t a l  p r e s e r v a t i o n  a r e  p r e s e n t e d .
Forbes ( 1 8 9 3 ) ,  Dodds ( 1 9 1 7 ) ,  and Pennak (1955b)  suggested  
z o o p la n k to n  a s s o c i a t i o n s  c h a r a c t e r i s t i c  o f  a l p i n e  l a k e s .  A D1aptomus 
shoshone -D aphn la  p u le x  a s s o c i a t i o n  was suggested  t o  be c o n f in e d  t o  
a l p i n e  l a k e s  and t o  be m u t u a l l y  e x c l u s i v e  o f  a n o t h e r  a s s o c i a t i o n  common 
t o  montane la k e s  (Dodds,  1 9 1 7 ) .  Pennak (1955b)  reemphasized the  
o c c u r r e n c e  o f  t h e  two s p e c ie s  in  h ig h  l a k e s .  Forbes (1893 )  ment ioned  
s e v e r a l  z o o p la n k to n  com m uni t ies  f rom  Y e l l o w s t o n e  N a t i o n a l  P a rk .
Diaptomus shoshone o c c u r r e d  in th e  ty p e  l o c a l i t y  w i t h  a s m a l le r  
Diaptomus and Polyphemus ped i c u l u s ; DIaptomus shoshone and Daphn ia  
p u le x  were  found in a pond a t  N o r r i s  Pass.  Diaptomus shoshone, a second 
D1a p to m u s , Holopedium gibberum  and Conoch11 us comprised the  p la n k to n  
o f  Lewis Lake .  Only  a sm al l  d ia p t o m id  was c o l l e c t e d  from H e a r t  Lake;  
he sug gested  t r o u t  to  have i n f l u e n c e d  t h a t  z o o p la n k to n  community.
G re a t  numbers o f  Conoch11 us o c c u r re d  w i t h  Daphnia and D1aptomus in 
Y e l l o w s t o n e  Lake.
A r e c e n t  s t u d y  n o r t h  o f  G rave  Peak ( P a r r ,  Rabe,  and W is s m a r ,  
1968)  n o t e d  D i a p t o m u s , D a p h n i a , H o l o p e d i u m , and C o n o c h i l u s  t o  be t h e
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dom in an t  z o o p l a n k t e r s  o f  te n  smal l  s u b a lp in e  t r o u t  l a k e s .  These g e n e ra ,  
no s p e c ie s  were  i d e n t i f i e d ,  were  p r e s e n t  in s e v e r a l  c o m b in a t io n s .  The 
l a k e s  o f  F i v e - L a k e s  B u t t e  had m orphom etr ic  and chemica l  s i m i l a r i t i e s  
w i t h  Grave  Lake and G e n t ia n  P o o l .
S y n t h e s i s  o f  o l d e r  i n f o r m a t i o n  and c o n s i d e r a t i o n  o f  Grave Peak 
z o o p la n k t o n  com m uni t ies  has i n d i c a t e d  t h a t  a r e d e s c r i p t i o n  o f  Dodds 
( 1 9 1 7 ) model community may be made. To th e  Diaptomus shoshone-Daphnia  
p u l e x  community a r e  added Holopedium g ib b e ru m , Conochi lus u n i c o r n i s , 
and a s m a l l e r  d i a p t o m i d .  The d ia p t o m id  s p e c ie s  may be one o f  s e v e r a l ;  
th e  a u t h o r s  i n d i c a t e d  above have most o f t e n  suggested Diaptomus s i c i l i s , 
Diaptomus s i c i 1o i d e s , Diaptomus c o lo r a d e n s  i s , and o t h e r s  o f  th e  same 
subgenus,  Diaptomus t y r r e l l i  was th e  s p e c ie s  on the  Grave Peak Lakes.  
T h is  complex  a s s o c i a t i o n  may be m o d i f i e d  by absence o f  some s p e c ie s .  
Large  p o p u l a t i o n s  o f  any a d d i t i o n a l  s p e c ie s  a r e  t o  be doubted .  Daphn i a 
rosea  may r e p l a c e  Daphnia p u le x  in some l a k e s .
T h is  model community is  suggested t o  be th e  t y p i c a l  a s s o c i a t i o n  
found in th e  sm al l  a l p i n e  la k e s  o f  th e  n o r t h e r n  Rocky M o u n ta in s .  The 
co m p le te n e s s  o f  t h e  a s s o c i a t i o n  may be most s e v e r e l y  i n f l u e n c e d  by 
w i n t e r  i c e  and by f i s h  p o p u l a t i o n s .
The s u c c e s s fu l  c o m p e t i t i o n  o f  th e  s e v e r a l  f i l t e r  f e e d i n g  spe c ie s  
may be d o u b te d ,  b u t  H u tch in s o n  ( I 9 6 7 ) suggested  v e r t i c a l  d i s t r i b u t i o n ,  
p a r t i c l e  s i z e  s e l e c t i o n ,  and d i e t  p r e f e r e n c e  to  m in im iz e  c o m p e t i t i o n .  
V e r t i c a l  d i s t r i b u t i o n  and d i e t a r y  p r e f e r e n c e  among t h r e e  spe c ie s  o f  
Daphnia  were  w e l l  d e s c r ib e d  by Tappa ( I 9 6 5 ) .  P a r t i c l e  s i z e  s e l e c t i o n  
was m ent io ned  when Conochi l  us u n i c o r n i s  was d e s c r ib e d  as a microphagous  
s p e c i e s .  Forbes (1893 )  a n a ly z e d  stomach c o n te n ts  o f  Diaptomus shoshone. 
C o n i f e r  p o l l e n  had been s e l e c t e d  such as t o  compose most o f  the  in g e s te d
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f o o d ;  o t h e r  I n g e s te d  p a r t i c l e s  were o f  s i m i l a r  s i z e .  C o n s id e r a b le  
q u a n t i t i e s  o f  o t h e r  w a t e r - b o r n e  o r g a n i c  d e t r i t u s  had been r e j e c t e d .  
H u tc h in s o n  ( I 9 6 7 ) noted  DIaptomus t o  p r e f e r  c o a r s e r  p a r t i c l e s  than  
C o n o c h i1 us and o t h e r  r o t i f e r s .  No stomach a n a ly s e s  o r  o b s e r v a t io n s  o f  
food  p r e f e r e n c e  were  conducted w i t h  Grave Peak z o o p l a n k t e r s .  P h y to ­
p l a n k t o n  was not  abundant  In any c o l l e c t i o n ;  but  th e  l a r g e  amount o f  
d e t r i t u s  i n d i c a t e d  food may n o t  have been a s e v e r e l y  l i m i t i n g  f a c t o r .
The f i r s t  recorded  s c i e n t i f i c  i n v e s t i g a t i o n  on Grave Peak was 
w r i t t e n  by L in d g re n  ( 1 9 0 4 ) .  F i r e  lo o ko u ts  have been s t a t i o n e d  (n a 
t i n y  hu t  t h a t  was guyed t o  th e  peak .  A U .S .  G e o lo g ic a l  Survey  
t r i a n g u l a t i o n  and e l e v a t i o n  m arker  has been secured t o  one o f  th e  
ro c k s .  The v a l l e y  w i t h  t h e  Grave Peak Lakes has not  y e t  been d i s t u r b e d  
by such human i n t r u s i o n .
F i s h e r i e s  a g e n c ie s  have In t r o d u c e d  t r o u t  i n t o  many la k e s  s i m i l a r  
t o  th e  Grave Peak Lakes th ro u g h o u t  th e  mounta inous w e s t .  Rabe (1968a)  
i n d i c a t e d  t h e  i n f l u e n c e  such t r o u t  have had on z o o p la n k to n  a s s o c i a t i o n s .  
Brooks and Dodson (1965 )  d e s c r ib e d  th e  changed e x p r e s s io n  o f  z o o p la n k to n  
co m m uni t ies  s u b je c te d  t o  f i s h  p r e d a t i o n .  So t o  m a i n t a i n  the  u n d is t u r b e d  
w i l d e r n e s s  c h a r a c t e r  and t o  p r e s e r v e  th e  u n ique  z o o p la n k to n  a s s o c i a t i o n s  
may t h e  n a t u r a l  b a r r i e r s  t h a t  have o f f e r e d  r e t r e a t  t o  Diaptomus shoshone  
u n t i l  to d a y  be r e s p e c te d  by f u t u r e  i n v e s t i g a t o r s  and management p o l i c i e s ,
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CHAPTER VI I
SUMMARY
T h r e e  a l p i n e  l a k e s  a l o n g  a s m a l l  m o u n t a i n  s t r e a m  in  e a s t e r n  
Id a h o  w e re  s e l e c t e d  f o r  s t u d y .  C hem ica l  and p h y s i c a l  i n f l u e n c e s  on 
t h e  z o o p l a n k t o n ,  t e m p o r a l  s u c c e s s i o n  o f  s p e c i e s  d u r i n g  t h e  summer 
as e v i d e n c e d  by r e p r o d u c t i v e  m e c h a n is m s ,  p r e s e n c e  in  t h e  p l a n k t o n  
s a m p le s ,  and i n t e r s p e c i f i c  c o m p e t i t i o n ,  and z o o p l a n k t o n  c o m m u n i t i e s  
w e r e  a n a l y z e d  and d e s c r i b e d .
C h e m ic a l  a n a l y s i s  i n d i c a t e d  s i m i l a r  c o m p o s i t i o n  i n  t h e  t h r e e  
l a k e s .  An i n c r e a s e  o f  o r t h o - p h o s p h a t e  i n  G e n t i a n  Pool  was c o r r e l a t e d  
w i t h  e c d y s i s  o f  D ia p to m u s  t y r r e l l i . T e m p e r a t u r e  seemed t o  be t h e  most  
i m p o r t a n t  i n f l u e n c e  on t h e  z o o p l a n k t o n .  Summer t e m p e r a t u r e s  a r e  m o d e r a t e ,  
b u t  A n t h u s  Pond and p r o b a b l y  G e n t i a n  Pool  f r e e z e  s o l i d l y  d u r i n g  w i n t e r .
I c e  i s  o f  l e s s  I m p o r t a n c e  i n  G rave  Lake ,
D u r i n g  t h e  s h o r t  summer season  fe w  s p e c i e s  a p p e a re d  in  p l a n k t o n
c o l l e c t i o n s .  C onoch i  l u s  u n i c o r n i s  was t h e  o n l y  a b u n d a n t  r o t i f e r .  I t
was v e r y  a b u n d a n t  in  G rave  Lake and was c o l l e c t e d  a few  t im e s  f r o m  
G e n t i a n  P o o l . DaphnI  a r o s e a  and Hoi oped i urn g i bberum w e re  f i r s t  c o l l e c t e d  
i n  m id  summer.  The Daphn i a p o p u l a t i o n  may have  h a t c h e d  f r o m  e p h i p p i a
o r  may have  been p ro d u c e d  by a fe w  f e m a le s  t h a t  o v e r w i n t e r e d .  Hoi oped i urn
Q i bbe rum in  G rave  Lake p r o b a b l y  h a t c h e d  f r o m  r e s t i n g  e g g s ;  no a d u l t s  
w e re  c o l l e c t e d  w i t h  im m a tu re  i n d i v i d u a l s  d u r i n g  t h e  e a r l y  summer. 
Po l y p h e m u s  p e d i c u l u s  was m os t  a b u n d a n t  d u r i n g  m id  summer,  and t h e
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p o p u l a t i o n  d e c l i n e d  d u r i n g  August  and September .  Chydorus s p h a e r ic u s  
ap p e a re d  in each l a k e ,  but  i t  was nev er  common.
Diaptomus t y r r e l l i  was abundant  in G e n t ia n  Pool and Grave Lake.  
Diaptomus shoshone was le s s  common than Diaptomus t y r r e l l i  In Grave Lake.  
Diaptomus shoshone c o p e p o d i te s  o v e r w i n t e r e d  f rom  1968 and matured d u r in g  
summer 1969 .  C o pep o d i tes  o f  Diaptomus t y r r e l l i  a l s o  o v e r w i n t e r e d  in 
Grave Lake .  A p o r t i o n  o f  t h e  1969 Diaptomus t y r r e l l i  p o p u la t i o n  p r o b a b ly  
h a tc h e d  f rom  r e s t i n g  eggs as d id  th e  e n t i r e  p o p u la t i o n  in  G en t ian  P o o l .
D e s c r i p t i o n s  o f  s e v e r a l  z o o p la n k to n  communit ies  in h igh  mountain  
l a k e s  have i n d i c a t e d  c e r t a i n  s p e c ie s  o f t e n  t o  be a s s o c i a t e d .  In the  
h ig h  la k e s  o f  th e  n o r t h e r n  Rocky M ounta ins  s e v e r a l  z o o p la n k t e r s  may be 
e x p e c t e d  t o  o c c u r  t o g e t h e r .  Dodds (1917 )  proposed a model community o f  
two s p e c i e s ,  Diaptomus shoshone and Daphnia p u l e x . I have proposed a 
more complex z o o p la n k to n  a s s o c i a t i o n  w i t h  th e  a d d i t i o n  o f  C onoch i1 us 
un i co rn  i s , Ho lopedium g i b b e r u m , and a s m a l l e r  spe c ie s  o f  D iaptom us.
Community c o m p l e x i t y  may be i n f l u e n c e d  by l a k e  morphometry,  
w i n t e r  i c e ,  and f i s h  p o p u l a t i o n s .  Daphnia rosea may r e p l a c e  Daphnia p u le x  
in some l a k e s .
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APPENDIX
Copepods a r e  i d e n t i f i e d  by s e v e r a l  m o rp h o lo g ic a l  s t r u c t u r e s .  
The f i f t h  legs  on most s p e c ie s  a r e  much m o d i f i e d  f o r  c l a s p i n g  th e  mate  
d u r i n g  t r a n s f e r  o f  the  sperm atophore .
Male  and fem a le  f i f t h  legs  have been i l l u s t r a t e d  f o r  the two 
s p e c ie s  c o l l e c t e d  from the  Grave Peak Lakes,  The male legs have been 
drawn f rom  an a n t e r i o r  v ie w ;  th e  l e f t  fem a le  leg is i l l u s t r a t e d .
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